WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Intenuitional Bureau 




PCX 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) InternaUonaJ Patent Classfication ^ : 

C07C 233/04, C07D 273/08, A61K 31/16, 
31/33, 31/445 



Al 



(11) International PubUcatioD Number: WO 99/51565 

(43) interaationaJ Publication Date: 14 October 1999 (14.10.99) 



(21) International Application Number: PCT/US99/07263 

(22) IntemaUonal Filing Date: 2 April 1999 (02.04.99) 



(30) Priority Data: 
60/080^31 
60/122.075 



3 April 1998 (03.04.98) US 
1 March 1999 (01.03.99) US 



(63) Related by Continuation (CON) or Continuation-in-Part 
(CIP) to Earlier Applications 

US 60^)80.531 (CIP) 

Filed on 3 April 1998 (03.04.98) 

US 60/122,075 (CIP) 

Filed on 1 March 1999 (01.03.99) 



(71) Applicant {for all designated Stales except US): ADVANCED 

MEDICINE, INC. rUS/US}; 280 Utah Avenue, South San 
Francisco, CA 94080 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only)i AXT, Sabine, M. 
[DE/USJ; 1271 Ayala Drive #2, Sunnyvale, CA 94086 
(US). CHURCH. Timothy, J. [US/US); 3913 Pasadena 
Drive. San Mateo, CA 94403 (US). HRUZEWICZ. Witold 
(PL/US); 1511 Addison Street. Bericclcy. CA 94703 



(US). JACOBSEN, John. R. [USAJSJ; 23 Cilyvicw Way, 
San Francisco. CA 94131 (US). JENKINS, Thomas. E. 
rUS/USl: 190 Canada Vista Drive, La Honda. CA 94020 
(US). JI. Yu-Hua [CNAiS]; 141 Anoyo Coun. San Mateo. 
CA 94402 (US). Jin)ICE, Kevin. J. [USAJS]; 146 Isi 
Street. Montaia, CA 94037 (US). 

(74) Agents: SWISS, Gerald. F. et al.;. Bums. Doane. Swedcer & 
Mathis, La-J>., P.O. Box 1404, Alexandria,' VA 22313-1404 
(US). 



(81) Designated States: A£, AL, AM. AT. AU. AZ, BA, BB, BG, 
BR, BY, CA, CH. CN. CU. CZ. DE. DK. EE. ES. Fl. GB. 
GD. GE. GH. GM. HR. HU. ID. IL, IN. IS. JP. KE, KG. 
KP. KR. KZ. LC. LK. LR, LS. LT, LU, LV, MD. MG. MK, 
MN. MW. MX. NO, NZ, PL, PT, RO. RU. SD. SE. SG. SL 
SK, SU TJ. TM. TO. IT. UA. UG. US. UZ. VN, YU, ZA. 
ZW, ARIPO patent (GH, GM. KE, LS. MW. SD, SL. SZ, 
UG. ZW). Eurasian patent (AM. AZ. BY, KG. KZ, MD. 
RU, TJ, TM). European patent (AT. BE, CH, CY. DE, DK, 
ES. n. FR. GB, GR, IE, IT. LU, MC. NL, PT. SE). OAPI 
patent (BF. BJ. CF. CG. O, CM. GA, GN. GW. ML, MR, 
NE. SN. TD. TG). 



Published 

With intemationai search report. 
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(57) Abstract 



Novel compounds, pharmaceutical compositions and methods arc disclosed for producing local anesthesia of long-duration. The 
compounds of this invention are multibinding compounds that comprise from 2 to 10 UgaiKls covalently attached to a linker or linkers, 
each ligand being capable of binding to a ligand binding site in a voltage-gated Na*** channel to modulate die biological processes/functions 
thereof. 
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NOVEL LOCAL ANESTHETIC COMPOUNDS AND USES 

Cross Reference to Rel ated Applications 

This application claims the benefit of United States Provisional Serial 
Numbers 60/080,531, filed April 3, 1998, and 60/122,075, filed March !. 1999. both 
of which are incorporated by reference in their entirety. 

Field of the Invention 

This invention relates to novel muliibinding local anesthetic compounds that 
bind to voltage-gated Na* ion channels and thereby modulate their activity. The 
compounds of this invention comprise at least two ligands covalently connected by a 
linker or linkers, wherein at least one of the ligands in its monovalent (i.e. unlinked) 
state binds to and is capable of modulating the activity of a voltage-gated Na ion 
channel. The ligands are linked together such that the multibinding compounds thus 
formed demonstrate a biologic and/or therapeutic effect on processes mediated by 
voliage-gated Na' ion channels that is greater than that of the same number of 
unlinked ligands made available tor binding to the channels. In one preferred 
embodiment, the compounds of the present invention are capable of producing local 
anesthesia of longer duration than are the corresponding unlinked monovalent ligands. 
The invention also relates to methods of using such compounds and to methods of 
preparing them. 

These muliibinding local anesthetic compounds are particularly useful in 
treating conditions and diseases that require pain control. Accordingly, this invention 
also relates to pharmaceutical compositions comprising a pharmaceuiically acceptable 
excipieni and an effective amount of a compound of this invention. 
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BACKGROUND 

State pf ^he An 

Action potentials are generated in nerve and muscle cells by ion currents that 
pass selectively across plasma membranes through transmembrane ion chamiels. 
Local anesthetics exert their effects by specifically binding to Na* channels, thereby 
inhibiting Na' currents and causing the blockade of Na' channel-dependent impulse 
conduction. The necessary practical advantage of local anesthetics is that their action 
is reversible at clinically relevant concentrations and their use is followed by complete 
recovery of nerve and muscle function with no evidence of damage to nerve fibers or 
cells. 

Ion channels are formed by the association of integral membrane proteins into 
a structure having a central hydrophilic pore. The structure of the voltage-gated 
sodium ion channel has been extensively studied (reviewed by WA Catterall Annu. 
Rev. Biochem, 64: 493-53 J (1995)), Tlie channel consists of a complex of one a- and 
2P- subunits. Figure 1 A illustrates the general features of the chamiel. The a- subunii 
is the pore-forming subunit, contains a voltage sensor and contains specific binding 
sites for local anesthetic drugs. This subunii consists of a polypeptide chain with four 
homologous domains O-IV), each domain comprising 6 membrane-spanning protein 
helices (S I -S6). This subunit is flanked at the outer surface of the membrane by two 
P-subuniis, which are heavily glycosylated and which interact with the' lipid bilayer in 
which the channel is embedded. The P;, chain is lopologically similar to the P, chain, 
but is not shown in the figure. 

Ion channels are characterized by their gating and selectivity properties. 
Selectivity refers to the rale at which different ion species pass through an open 

channel under standard conditions. The Na channel pore is selectively permeable lo 
Na\ which passes through the chamiel at rates that are diffusion-limited, and which 
equilibrates according lo the electrochemical gradient across the membrane. Gating is 
the process that regulates the opening and closing of an ion channel. The voltage- 
gated Na* channel opens and closes in response to changes in membrane potential. 
When the membrane is depolarized (i.e., the membrane potential becomes less 
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negative ). the ''resting" channel transitions through closed iniennediate states to 
become an "open" Na* -conducting channel. With time, the channel closes and 
becomes ^'inactivated" (i.e., refractory to reopening ). The channel recovers its ability 
to respond to a depolarizing stimulus by returning to the "resting state*' after an 
5 interval of time. 

There is considerable evidence that the channel itself is a specific receptor for 
local anesthetics. As mentioned above, the Na* chamiel contains specific binding 
sites for local anesthetic drugs, which exhibit stereoselectivity. Figure IB shows a 
highly schematic representation of the Na' channel illustrating differences in the 

1 0 binding sites for different classes of Na* channel modulators and blocking agents, as 
is currently understood. 

The binding sites fo*- neurotoxins, such as saxatoxin and tetrodotoxin (TTX), 
and scorpion and anemone toxins (ScTx) are thought to be located at the outer mouth 
of the channel pore. This region includes binding sites for cations, e.g. ammonium 

15 ions, aswelL 

Other, more lipid soluble toxins, such as batrachotoxin (BTX), veratridine, and 
aconitine. bind within the channel and act to spontaneously open the channel and/or 
prevent it from closing normally. Current understanding of neuronal sodium channels 
indicates that binding sites for "classical" local anesthetics (LA), such as lidocaine, as 

20 well as lipophilic quaternary ammonium ion channel blockers, may lie within the 
internal region of the channel, as shown. This binding site is understood to be 
allosterically linked to the BTX binding site. Lipophilic binding domains are found at 
the innermost region of the channel. 

It has been suggested that tertiary amine drugs may have two binding sites on 

25 the channel, a first site located near the pore that preferentially binds charged species 
and a second site that binds neutral species. The binding of an anesthetic molecule to 
the first site would block ion permeation through the pore, while the binding to the 
second site would act to prevent conformational changes that are required for channel 
opening (GR Strichartz, Chapter 2, In: Neural Blockade in Clmical Anesthesia and 

30 Management of Pain. Third Edition, (MJ Cousins and PO Bridenbaugh, 
Eds,),LippincoU-Raven Publishers, Philadelphia( J 998)). 
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The inhibitory effect of certain local anesthetics is enhanced by membrane 
depolarization. This effect is attributed to a higher affinity of these local anesthetics 
for inactivated channels than for resting channels. Ref>eiiiive depolarizations 
potentiate anesthetic activity by "use-dependent" (phasic) block such that an 
5 increasing number of channels become stabilized in the non-conducting state. 

The duration of action of a local anesthetic is proportional to the time during 
which it is present at effective concentrations in contact with the nerve, or, more 
precisely, the ion channel(s). The effect of most currently used local anesthetics tends 
to be short-lived as a result of dissociation from and diffusion away from the intended 
1 0 site of action: therefore, repeated doses must be administered for a prolonged effect. 
Undesired side effects of local anesthetics are largely a function of systemic 
concentrations of the drug resulting from such diffusion. These effects include 
paralysis of cardiac and smooth muscle systems, or undesired stimulation of the CNS. 
Because of these serious side effects, the quantity of drug administered must be 
1 5 carefully controlled. 

Consequently, local anesthetic compounds having properties that allow 
effective concentrations to be maintained at the intended local site of action would be 
useful for prolonging the duration of action, thereby enhancing the clinical utility of 
local anesthetics in pain management and mitigating untoward toxic effects resulting 
20 from systemic concentration of the drug. 

SUMMARY OF THE INVENTION 

This invention provides novel multibinding compounds that are useful as 
25 inhibitors of voltage-gated Na channels and are effective as local anesthetics. 

Accordingly, one aspect of this invention is directed to multibinding compounds of 
Formula 1: 

(LUX), 1 

30 and pharmaceutically acceptable salts thereof: 

wherein: 



-4- 
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each Lisa ligand that may be the same or diflferent at each occurrence; 
each X is a linker that may be the same or different at each occurrence; 
p is an integer of from 2 to 10; and 
^ is an integer of from 1 to 20; 
5 wherein each of said ligands comprises a ligand domain capable of binding to 

a voltage-gated Na* channel of a cell. 
Preferably q< p. 

Preferably, each of said ligands is capable of inhibiting the generation and 
conduction of action potentials by said cell. More preferably, each of said ligands 
1 0 independently comprises a group of Formula (A): 

Ar-W- (A) 

wherein: 

Ar represents an aryl, heierocyclyl or heteroaryl group; and W is selected from 
a covalent bond, -[CR'R-],-. - [CR'R-]AO)-, 

-C(0)0[CR'R-], - , -OaO)[ CR^R^], -0-[CR'R-]AO)-, -C(0)-NH-[CR'R-L-, and 
-NH.C(0)(CR'R-J, , where r is an integer of 0 to 10, and R' and R- are 
independently H. alkyl, substituted alkyl or a group -NR^R**-, where R* and R** are 
both alkyl. 

Preferably each divalent linker X is independently selected from a structure of: 
(a) Formula 11: 

-N(R^).Z-N(R-*)- (II) 

wherein: 

Z is alkylene. substituted alkylene, (alkylene 0)„.-alkylene where w is an 
integer of 1 to 10. or alkenylene; and 

R-^ and R' are independently hydrogen, alkyL substituted alkyl, aralkyl, a 
ligand, an X-ligand group, or R' and R^ may independently form together with Z and 
the nitrogen atoms to which they are bound an N-containing heterocyclic ring 
optionally containing an additional 1 to 4 heteroatoms selected from S, SO;;, SO. 
and NR". where R" is a ligand, hydrogen, alkyl or substituted alkyl; 

-5- 
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(b) Fonnulalll: 

-Y^-Z'-Y*'- (III) 

wherein: 

T is a heterocycle. aryl, heteroaryl, a crown compound having at least two 
5 unsubsiituted ring nitrogens or a group -NR-, where R is alkyl; 

and Y** are independently a covalent bond, alkylene, substituted alkylene, 
(alkylene-O)^-alky lene where w is an integer of 1 to 1 0, or -C{0HCH2)„;NR-, where 
R is hydrogen or alkyl and /? is an integer of 1 to 10; 

10 (c) Formula IV: 

-N'(R^)(R')-Z"-NXR**')(R*)- (IV) 

wherein: 

Z" is alkylene or substituted alkylene; and 

, R'' . R^ and R^ are independently alkyL substituted alkyl, aralkyl, or a 
1 5 ligand, and optionally one of R' and R* is not present; and 

(d) Formula V: 

.X*-Z"'-(V^-Z"')v-X"- (V) 

wherein: 

20 V is an integer of 0 to 20: 

X' at each separate occurrence is independently alkylene, substituted alkylene, 
alkenylene, substituted alkenylenc. alkynylene, substituted alkynylene, -0-, 
-S(0)-, -S(0):-. -NR-. -N* R R -C(0)-, -C(0)0-. -C(0)NR-. -NRC(O)-, -C(S)-, 
-C(S)0-, -C(S)NR- or a covalent bond, where R and R at each separate occurrence 

25 are independently as defined below tbr R' and R"; 

Z'" is at each separate occurrence independently selected from alkylene, 
substituted alkylene, (alkylene-OK,-alkylene where w is an integer of 1 to 10, 
alkylalkoxy. cycloalkylene. substituted cycloalkylene, alkenylene, substituted 
alkenylene, alkynylene. substituted alkynylene, cycloalkenylene, substituted 

30 cycloalkenylene, arylene. substituted arylenc, heteroarylene, substituted 



-6- 
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heieroarylene, heterocyclene, substituted heterocyciene, crown compounds, or a 
covaleni bond; 

Y' at each separate occurrence is independently selected from -0-, NR', S. 
-C(0HCH2)„-NR*-, -NRXCHi)^ C(0)-, .NR*-C(0)-NR'-, -0-C(0>0-, 
5 -NR'-C(=NR^)-, -C(=NR>NR*-, .NR'C{0)-0-, .N=C(r)-NR'-, -P(OMOR>0-, - 
S(0)„-CR*R"-. -S(0)„-NR*-, S-S- and a covalent bond; where w is 0, 1, or 2; and 

R, R' and R" at each separate occurrence are selected from hydrogen, alkyl, 
substituted alkyl, cycloalkyl, substituted cycloalkyi, alkenyl, substituted alkenyl, 
cycloalkenyl, substituted cycloalkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl 
10 and heterocyclic. 

It is understood, of course, that trivalent linkers will have an additional linking 
point such as shown in Figure 4. 

1 5 Preferably, this invention is directed to mullibinding compounds of Formula 

I, wherein /? is an integer of from 2 to 4, and q is less than p. Most preferred are 
mullibinding compounds having a structure selected from: 



20 



(a) Formula la 



.^-W-N ^N— W-Ar (la) 
R^ R' 



where Ar and W have the definitions provided above for formula A, and K\ R' 
25 and Z have the meanings given in Formula II above; 

(b) Formula lb 

Ar-W-Y*-Z*-Y»'-Ar (lb) 

30 
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where Ar and W have the definitions provided above for formula A. and Y', 
Y*" and Z' have the meanings given in Formula III above; and 



(c) Formula Ic 

' ^ZV . 
Ar-W-N N-W-Ar 



R' R» R* 



where Ar and Whave the definitions provided above for formula A, and R\ 
10 R"* . R', R' and Z" have the meanings given in Formula IV above. 

In presently preferred embodiments, each ligand group Ar-W- is 
independently selected from: 

2.6-dimethylphenyl-NH-C(0)-CH,-; 
1 5 2.6-dimethylphenyl-NH-C(0)-CH((CH;),CH3)-; 

2,6-dimethylphenyl-NH-C(0)-; 

(S)-2.6-dimethylphenyl-NH-C(0)-CH(CH,CH3)-; 

(R)-2,6-dimethylphenyl-NH-C(0)-CH(CH,CHj)-; 

o-lolyl-NH-C(0)-CH{CH,CH3)-: 
20 o-tolyl-NH-C(0)-CH(CH3)-: 

o-tolyl-NH-C(0)-CH:-: 

4-f-C(0)-0-(CH,):-N(CH,CH3),)-phenyl-; 

4-(-C(0)-NH-(CH:):-N(CH,CHj)2]-phenyl-; 

4-[-C(0)-NH(CH,)]-phenyl-; 
25 4-[-C(0)-0-(CH3):-N(CHj),]-phenyl-; 

4-[-C(0)-0-CHXH3]-2.6-dimethyiphenyl-NH-C(0)-CH,-; 

4-[-C{0)-0-CHj]-2.6-dimelhylphenyl-NH-C(0)-CH(CH3CH3)-; 

4-[-C(O)-0-CHjl-2-methylphenyl-NH-C(0)-CH(CH,CH3)-; 

4-[C(0)-0-CH3]-2,6-dimethylphenyl-NH-C(0)-CH{CHXH3)-; 
30 4-aminophenYi-C(0)-; 

4-buiyiaminophenyI-C(0)-; 

-8- 
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2,6-dimethylphenyl-0-C(0)-CH,-; 

phenyI-(CH,)5-; 

phenyl-C(OHCH,)j-; 

4-[-NH-C(0>-CH,-N(CH,CH3),]-3,5-dimethylphenyl-0-CH:-C(0)-; 
5 4-aminophenyl-C(0>-0-(CH2),-; 

4-methoxyphenyl-NH-C(0)-CHj-; 

2-methylphenyl-NH-C(0)-CHr; 

phenyl-NH-C(0)-CH3-; 

4-chlorophenyl-NH-C(0)-CH,-; 
1 0 2-methyl-4-methoxyphenyl-NH-C(0)-CH,-; 

2-methyl-4-chlorophenyl-NH-C(0)-CH,-; 

2-methylphenyI-NH-C(0)-CH(CH3)-; 

2-methylphenyl-NH-C(0)-CH(CH3CH3)-; 

phenyl-(CH,),-C(0)-: 
1 5 4-nitrophenyl-C(0)-0-(CH,)3-; 

2-chloro-4-nitrophenyl-C(0)-0-(CH,),-; 

(S;-2.6-dimethylphenyl-NH-C(0)-CH(N(CH3),)-; 

(R)-2.6-dimethylphenyl-NH-C(0)-CH(N(CH3),)-; 

(S)-2.6-dimeihyiphenyl-NH-C(0)-CH(N(CH,CH3)3)-; 
20 (R)-2.6-dimethylphenyl-NH-C(0)-CH(N(CH3CHj),)-; 

4-|0-[(CH,)„-C(0)-0]„R}-2.6-dimethylphenyl-NH-C(0)-CHR"-. where n is 

an integer equal to 1 to 6. m is 0 or 1 . R is Cj-Cj alkyl, and R' is H or alkyl: 

2-ethyl-6-methylphenyl-NH-C(OVCH(CH_,CH3)-; 

2.4.6-trimethylphenyI-CH(CH,CH,)-C(0)-NH-;and 
25 2-ethyl-6-methylphenyl-NH-C(0)-CH,-. 

Preferred multibindinji compounds of this invention include by way of 
example compounds listed in Table 2 (Preferred EmbodimentsV 



-Q- 
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Another aspect of the invention is directed to a pharmaceutical composition 
comprising a pharmaceutical ly acceptable excipient and a therapeutically effective 
amount of one or more muliibinding compounds represented by Formula I, 

5 (L)p(X), 1 

and pharmaceutical ly acceptable salts thereof; 
wherein: 

each L is a ligand that may be the same or different at each occurrence; 
1 0 each X is a linker that may be the same or different at each occurrence; 

p is an integer of from 2 to 10; and 
q is an integer of from 1 to 20; 

wherein each of said ligands comprises a ligand domain capable of binding to 

a voltage-gated Na' channel of a cell in a mammal, thereby inhibiting the generation 
1 5 and conduction of action potentials by said cell and modulating the diseases and 

conditions resulting therefrom. 

Such compositions are particularly useful for producing local anesthesia in a 

mammal whereby the multibinding compounds act upon voltage-gated Na" channels 

of a nerve and thereby interrupt nerve conduction. 
20 Preferably, the pharmaceutical compositions of this invention comprise one or 

more multibinding compounds of Formula 1, wherein /? is an integer of from 2 to 4, 

and q is less than p. Most preferably, such compositions comprise bivalent 

multibinding compounds of Formulas la, lb and Ic. 

25 In one of its methods aspects, this invention is directed to a method of 

preparing a multibinding compound represented by formula 1: 

(L)p(X), I 

30 wherein each L is a ligand that may be the same or different at each 

occurrence; 

.10- 
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X is a linker that may be the same or different at each occurrence; 
p is an integer of from 2 to 10; and 

is an integer of from 1 to 20; 
wherein each of said ligands comprises a ligand domain capable of binding to 
5 a voltage-gated Na' channel of a cell, said method comprising: 

(a) providing at least p equivalents of a ligand L or precursors thereof and at 
least q equivalents of linker or linkers X; and 

(b) covalently attaching said Jigands to said linkers to produce a multibinding 

compound; or 

10 (b^) covalently attaching said ligand precursors to said linkers and completing 

the synthesis of said ligands thereupon, thereby to produce a multibinding compound. 
Preferably, /? is an integer of from 2 to 4. and ^ is less than p. Most preferably, P is 
equal to 2. 

.Another aspect of the invention is directed to a method for producing local 
anesthesia in a mammal, which method comprises administering to a mammal in need 
of such treatment a therapeutically effective amount of a pharmaceutical composition 
comprising a pharmaceutical ly acceptable excipient and one or more multibinding 
compounds represented by formula L 

(L)p(X), (1) 

and pharmaceutical iy acceptable salts thereof 
wherein each L is a ligand that may be the same or different at each 
occurrence: 

X is a linker that may be the same or different at each occurrence: 
p is an integer of from 2 to 10; and 
q is an integer of from 1 to 20: 

wherein each of said ligands comprises a ligand domain capable of binding to 
a voltage-gated Na' channel of a cell mediating the conduction of nerve impulses in a 

-11- 
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mammal, thereby blocking the conduction of said impulses and producing local 
anesthesia. 

A preferred embodiment is the use of pharmaceutical compositions comprising 
5 bivalent compounds of Formulas la, lb and Ic and their pharmaceudcally acceptable 
salts to produce local anesthesia of long duration (i.e., from about 6 hours to about 36 
hours). In particularly preferred embodiments, these compositions have greatly 
attenuated or negligible systemic toxicity relative to conventional monovalent (i.e., 
unlinked) anesthetics. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A depicts a highly schematic illustration of the transmembrane 
topology of the voltage-gated Na" channel (P^subunit not shown). Tetrodotoxin 
1 5 binding residues are indicated by small circles between transmembrane segments 5 
and 6; scorpion a-toxin binding sites are indicated by the black rectangles on the 
lines connecting transmembrane segments 5 and 6 (domains I and IV) and by ScTx. 

Figure IB depicts a diagrammatic representation of the Na* channel 
20 illustrating generally the binding sites for neurotoxins and local anesthetics. 

Figure 2 shows representative clinically used local anesthetics agents. 

Figure 3 shows trivalent and higher-order valency local anesthetic compounds 
25 of Formula I. 

Figure 4 illustrates representative types of linker cores for use in preparing 
multibinding compounds of Formula 1. 

30 Figure 5 illustrates a method for optimizing the linker geometry for 

presentation of ligands (filled circles) in bivalent compounds: 
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A. phenyldiacetylene core structure 

B. cyclohexane dicarboxylic acid core structure. 

Figures 6-14 depict Reaction Schemes A-T, which illustrate reactions for 
5 preparing the multibinding compounds of this invention. 

DETAILED DESCRIPTION THE INVENTION 

Biological systems, in general, are controlled by molecular interactions 

10 between bioaciive ligands and their receptors, in which the receptor ''recognizes" a 
molecule or a portion thereof (i.e., a ligand domain) to produce a biological effect. 
The vohage-gated Na" channels can be considered to be pharmacological receptors: 
they possess specific binding sites for ligands having antagonist activities; the binding 
of ligands to such sites modulates Na' flux through the chamiel; and the channel 

1 5 properties are regulatablc. Accordingly, diseases or conditions that involve, or are 
mediated by, Na' channels can be treated with pharmacologically active ligands that 
interact with such channels to initiate, modulate or abrogate transport activity. 

The interaction of a Na" channel and a Na* channel-binding ligand may be 
described in terms of "affinity" and "specificity". The '^affinity" and "specificity" of 

20 any given ligand-Na* channel interaction is dependent upon the complementarity of 
molecular binding surfaces and the energetic consequences of compfexation (i.e.. the 
net difference in free energy AG between bound and fi^ee states). Affinity may be 
quantified by the equilibrium constant of complex formation, the ratio of on/off rate 
constants, and/or by the free energy of complex formation. Specificity relates to the 

25 difference in binding affinity of a ligand for different receptors. 

The net free energy of interaction of a ligand with a Na' channel is the 
difference between energetic gains (enthalpy gained through molecular 
complementarity and entropy gained through the hydrophobic effect) and energetic 
costs (enthalpy lost through decreased solvation and enuopy lost through reduced 
30 translational. rotational and conformational degrees of freedom). 
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The compounds of this invention preferably comprise 2 to 10 Na* channel- 
binding ligands covalently linked together and capable of acting as multibinding 
agents. Without wishing to be bound by theory, the surprising activity of these 
compounds is believed to arise at least in part from their ability to bind in a 
5 multivalent manner v^ith the Na* channel, which gives rise to a more favorable net 
free energy of binding. Multivalent binding interactions are characterized by the 
concurrent interaction of at least two ligands of a multibinding compound with 
multiple ligand binding sites on a receptor or receptors. Multivalent interactions differ 
from collections of individual monovalent interactions by being capable of providing 
10 enhanced biologic and/or therapeutic effect. Multivalent binding can amplify binding 
affinities and differences in binding affinities, resulting in enhanced binding 
specificity as well as affinity. 

Definitions 

15 As used herein: 

The term "alkyl" refers to a monoradical branched or unbranched saturated 
hydrocarbon chain, preferably having from 1 to 40 carbon atoms, more preferably 1 
to 10 carbon atoms, even more preferably 1 to 6 carbon atoms, such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl. secondary butyl, tert-butyL n-hexyl, n-octyl, n-decyl. n- 

20 dodecyl. 2-ethyldodecyL teiradecyU and the like, unless otherwise indicated. 

The term "substituted alkyl" refers to an alkyl group as defined above having 
from I to 5 subsiituems selected from the group consisting of alkoxy, substituted 
alkoxy, cycloalkyL substituted cycloalkyl, cycloalkenyL substituted cycloalkenyL 
acyl, acylamino, acyloxy. aminoacyL aminoacyloxy, oxyaminoacyl, azido, cyano, 

25 halogen, hydroxyl. keto. thiokeio. carboxyl, carboxylalkyl, thioaryloxy, 

thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, 
aryloxy, heieroaryl, heteroaryloxy. heterocyclic, heterocyclooxy, hydroxyamino, 
alkoxyamino, niiro, -SO-aikyl, -SO-aryK -SO-heteroaryl, -SO^-alkyl, -S02-aryl. -SO,- 
heteroaryl. and -NR^R*", wherein R* and R** may be the same or different and are 

30 chosen from hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyL 
alkynyl, aryl, heteroaryl and heterocyclic. 

-14- 



BNSDOCID <WC_. 9951565A1J > 



wo 99/51565 



PCT/US99/07263 



The term "alkylene" refers lo a diradical of a branched or unbranched saturated 
hydrocarbon chain, preferably having from ) to 40 carbon atoms, more preferably 1 
to 10 carbon atoms, even more preferably 1 to 6 carbon atoms. This term is 
exemplified by groups such as methylene (-CHj-), ethylene (-CH^CHj-), the 
5 propylene isomers (e.g., -CHXH^CHr and -CH(CH3)CHr), and the like. 

The term "substituted alkylenc" refers to: 

(1) an alkylene group as defined above having from 1 to 5 substituents 
selected from the group consisting of alkoxy, substituted alkoxy, cycloalkyl, 
substituted cycloalkyl, cycioalkenyl, substituted cycloalkenyl, acyl, acylamino, 

10 acyloxy. aminoacyl, aminoacyloxy, oxyacylamino, azido, cyano, halogen, hydroxyl, 
keto, thioketo, carboxyl, carboxylalkyl, thiol, thioalkoxy, substituted thioalkoxy. aryl, 
aryloxy, thioaryloxy, heteroaryl, heteroaryloxy, thioheteroaryloxy, heterocyclic, 
heierocyclooxy. thioheterocyclopxy, nitro, and -NR'R**, wherein R* and R** may be the 
same or different and are chosen from hydrogen, optionally substituted alkyl, 

1 5 cycloalkyl, alkenyl, cycloalkenyl, alkyny 1, aryl, heteroaryl and heterocyclic. 

Additionally, such substituted alkylene groups include those where 2 substituents on 
the alkylene group are fused to form one or more cycloalkyl, substituted cycloalkyl, 
cycloalkenyl. substituted cycloalkenyl, aryl, heterocyclic or heteroaryl groups fused to 
the alkylene group; 

20 (2) an alkylene group as defined above that is interrupted by 1-20 atoms 

independently chosen from oxygen, sulfur and NR'-, where R* is chosen from 
hydrogen, optionally substituted alkyl. cycloalkyl, alkenyl. cycloalkenyl, alkenyl. 
cycloalkenyl, alkynvL aryl, heteroaryl and heterocyclic, or groups selected from 
carbonyl, carboxyesier. carboxyamide and sulfonyl; and 

25 (3) an alkylene ^roup as defined above that has both from 1 to 5 substituents 

as defined above and is also interrupted by I to 20 atoms as defined above. 
Examples of substituted alkylenes are chloromethylene (-CH(Cl)-), aminoethylene 
{-CH('NH.)CH,-). 2-carboxypropylene isomers (-CH.CH(C02H)CH:-), ethoxyeihyl 
(>CH:CH.O-CH.CH.-), elhylmethylaminoethyl (-CH,CH,N(CH3)CH2CHr). 1- 
30 ethoxy-2-{2-ethoxy-ethoxy )ethane (-CH.CH.O-CHXH.-OCHXH,. OCH.CHr), and 
the like. 
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The term "alkaryl" or "aralkyi" refers to the groups -alkylene-aryl and substituted 
alkylene-aryl in which alkylene, substituted alkylene and aryl are as defined herein. 
Such alkaryl groups are exemplified by benzyl, phenethyl and the like. 

The tenn "alkoxy" refers to the groups alkyl-0% alkenyl-0-, cycloalkyl-0-, 
5 cycloalkenyl-O-. and alkynyl-0-, where alkyK alkenyl, cycloalkyl, cycloalkenyK and 
alkynyl are as defined herein. Preferred alkoxy groups are alkyl-O- and include, by 
way of example, methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-butoxy, 
sec-butoxy, n-pentoxy, n-hexoxy, 1 ^-dimethylbutoxy, and the like 

The term "substituted alkoxy" refers to the groups substituted alkyl-O-, 

10 substituted alkenyl-O-, substituted cycloalkyl-0% substituted cycloalkenyl-O-, and 
substituted alkynyl-O- where substituted alkyl, substituted alkenyl, substituted 
cycloalkyl, substituted cycloalkenyl and substituted alkynyl are as defined herein. 

The term "alkylalkoxy" refers to the groups -alkylene-0-alkyl, 
alkylene-O-substituted alkyl, substituted alkylene-O-alkyl and substituted alkylene-0- 

1 5 substituted alkyl wherein alkyl, substituted alkyl, alkylene and substituted alkylene 
are as defined herein. Examples of such groups are methylenemethoxy (-CH3OCH3), 
ethylenemethoxy (-CHXH?0CH3), n-propylene-iso-propoxy (- 
CH:CH.CH30CH(CH3)3J, methylene-t-butoxy (-CHrO-C(CH3)3) and the like. 
The term "alkylthioalkoxy" refers to the group -alkylene-S-alkyK 

20 alkylene-S-subsiituted alkyl, substituted alkylene-S-alkyl and substituted alkylene-S- 
subsiituted alkyl wherein alkyl. substituted alkyl, alkylene and substituted alkylene 
are as defined herein. Preferred alkylthioalkoxy groups are alkylene-S-alkyI and 
include, by way of example, methyleneihiomethoxy (-CH^SCH,), 
ethylenethiomelhoxy (-CTKCH.SCH3), 

25 n-propylene-iso-thiopropoxy (-CH.CH>CH>SCH(CH3)2), 
methylene-i-thiobutoxy (-CH,SC(CH3)5) and the like. 

''Alkenyl" refers 10 a monoradical of a branched or unbranched unsaturated 
hydrocarbon preferably having from 2 to 40 carbon atoms, more preferably 2 to 10 
carbon atoms, even more preferably 2 to 6 carbon atoms, and preferably having 1 to 6 

30 double bonds. This term is further exemplified by such radicals as vinyl, prop-2-enyl, 
pent-3-enyl, hex-5-enyl, 5-ethyldodec-3,6-dienyl, and the like. 
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The term "substituted alkenyl" refers to an alkenyl group as defined above 
having from 1 to 5 substituents selected from the group consisting of alkoxy, 
substituted alkoxy, acyl, acylamino, acyloxy, aminoacyl, aminoacyloxy, 
oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, thioketo, carboxyl, 
5 carboxylalkyl, thiol, thioalkoxy, substituted thioalkoxy, aryl, heteroaryl, heterocyclic, 
aryloxy, thioaryloxy, heteroaryloxy, thioheteroaryloxy, heterocyclooxy, 
thioheterocyclooxy, nitro. -SO-alkyl, -SO-subsr-uted alkyl, -SOaryl, -SO-heteroaryl, 
-SOj-alkyl, -SO^substituted alkyl, -SO.-aryl, -SOrheteroaryl, and. -NR•R^ wherein 
R' and R** may be the same or different and are chosen from hydrogen, optionally 
10 substituted alkyl, cycloalkyi, alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl and 
heterocyclic. 

"Alkenylene" refers to a diradical of an unsaturated hydrocarbon, preferably 
having from 2 to 40 carbon atoms, more preferably 2 to 10 carbon atoms, even more 
preferably 2 to 6 carbon atoms, and preferably having 1 to 6 double bonds. This term 

15 is further exemplified by such radicals as L2-ethenyL 1 ,3-prop-2-enyl, L5-pent-3- 
enyl, 1.4.hex-5-enyL 5-ethyl-l,12-dodec-3,6-dienyK and the like. 

The term "substituted alkenylene" refers to an alkenylene group as defined 
above having from 1 to 5 substituents, selected from the group consisting of alkoxy, 
substituted alkoxy, acyl, acylamino, acyloxy, aminoacyl, aminoacyloxy, 

20 oxyacylamino. azido. cyano, halogen, hydroxyl, keto, thioketo, carboxyl, 

carboxylalkyl, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, thioaryloxy. 
heteroaryl, heteroaryloxy, thioheteroaryloxy, heterocyclic, heterocyclooxy, 
thioheterocyclooxy, nitro, and NR*R^ wherein R* and R^ may be the same or different 
and are chosen from hydrogen, optionally substituted alkyl, cycloalkyi, alkenyl. 

25 cycloalkenyl, alkynyl. aryl. heteroaryl and heterocyclic. Additionally, such 

substimted alkenylene groups include those where 2 substituents on the alkenylene 
group are fused to form one or more cycloalkyi, substituted cycloalkyi, cycloalkenyl, 
substituted cycloalkenyl, aryl. heterocyclic or heteroaryl groups fused to the 
alkenylene group. 

30 "Alkynyl" refers to a monoradical of an unsaturated hydrocarbon, preferably 

having from 2 to 40 carbon atoms, more preferably 2 to 10 carbon atoms, even more 
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preferably 2 to 6 carbon atoms, and preferably having 1 to 6 triple bonds. This term 
is further exemplified by such radicals as acetylenyl, prop-2-ynyl. pent-3-ynyl, hex-5- 
ynyl, 5-ethyldodec-3,6-diynyl, and the like. 

The term "substituted alkynyl" refers to an alkynyl group as defined above 
5 having from 1 to 5 substituents, selected from the group consisting of alkoxy, 
substituted alkoxy, acyl, acylaraino, acyloxy, aminoacyl, aminoacyloxy, 
oxyacylamino, azido, cyano, halogen, hydroxyl, keto, thioketo, carboxyl, 
carboxylalkyi, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, thioaiyloxy, 
heteroaryK heteroaryloxy, thioheteroaryloxy, heterocyclic, heterocyclooxy, 

1 0 thioheierocycloxy, nitro, -SO-alkyI, -SO-substituted alkyi, -SOaryl, -SO-heteroaryl, 
-SO.-alkyl, -SO.-substituted alkyI, -SOraryl, -SO,-heteroaryl, SOrheterocyclic, 
NR*R^ wherein and R** may be the same or different and are chosen from 
hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyK 
aryl. heteroaryl and heterocyclic. 

1 5 "Aikynylene" refers to a diradical of an unsaturated hydrocarbon radical, 

preferably having from 2 to 40 carbon atoms, more preferably 2 to 10 carbon atoms, 
even more preferably 2 to 6 carbon atoms, and preferably having 1 to 6 triple bonds. 
This term is further exemplified by such radicals as l,3-prop-2-ynyl, l,5-pent-3-ynyl, 
I,4-hex-5-ynyL 5-ethyl-M2-dodec-3,6-diynyl, and the like. 

20 The term "acyl" refers to the groups -CHO, alkyl-C(O)-, substituted alkyl- 

C(0)-, cycloalkyl-C(O)-. substituted cycloalkyl-C(O)-, cycloalkenyl-C(0>, 
substituted cycloalkenyl-C(O)-, aryl-C(O)-, heteroaryl-C(O)- and heterocyclic-C(O)- 
where alkyl substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, 
substituted cycloalkenyl, aryl, heteroaryl and heterocyclic are as defined herein, 

25 The term "acylamino" refers to the group -C(0)NRR where each R is 

independently hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, heterocyclic or 
where both R groups are joined to form a heterocyclic group (e.g., morpholine) 
wherein alkyl. substituted alkyl, aryl, heteroaryl and heterocyclic are as defined 
herein. 

30 The term "aminoacyl" refers to the group -NRC(0)R where each R is 

independently hydrogen, alkyl. substituted alkyl, aryl, heteroaryl, or heterocyclic 
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wherein alkyi, substituted alkyl. arvK heteroaryl and heterocyclic are as defined 
herein. 

The tenn "aminoacyloxy" refers to the group -NRC(0)OR where each R is 
independently hydrogen, alkyi, substituted alkyl. aryl, heteroaryl, or heterocyclic 
5 wherein alkyK substituted alkyl, aryl, heteroaryl and heterocyclic are as defined 
herein. 

The term "acyloxy" refers to the groups alkyl-C(0)0-, substituted alkyl- 
C(0)0-, cycloalkyl-C(0)0-, substituted cycloalkyl-C(0)0-, aryUC(0)0-, heteroaryl- 
C(0)0-. and heterocyclic-C(0)0- wherein alkyL substituted alkyl, cycloalkyl, 

1 0 substituted cycloalkyl, ary L heteroaryl, and heterocyclic are as defined herein. 

The term "aryl" refers to an unsaturated aromatic carbocyclic group of from 6 
to 20 carbon atoms having a single ring (e.g., phenyl) or multiple condensed (fused) 
rings (e.g., naphihyl or anthryl). 

Unless otherwise constrained by the definition for the aryl substituent, such 

15 aryl groups can optionally be substituted with from 1 to 5 substituents selected from 
the group consisting of acyloxy. hydroxy, thiol, acyU alkyl, alkoxy, alkenyl, alkynyl. 
cycloalkyl, cycloalkenyl. substituted alkyl, substituted alkoxy, substituted alkenyl. 
substituted alkynyl, substituted cycloalkyl, substituted cycloalkenyl, aminoacyl, 
acyiamino. alkaryl, ar\'l, aryloxy, azido, carboxyl, carboxylalkyl, cyano, halo, niiro, 

20 heieroar>'l, heteroaryloxy. heterocyclic, heterocyclooxy, aminoacyloxy, 

oxyacylamino, thioalkoxy. substituted thioalkoxy, thioaryloxy, thioheteroaryloxy, - 
SO-alkyl. -SO-substituied alkyl. -SO-ar>1. -SO-heteroaryl, -SOralkyl, -SO,- 
substituted alkyl. -SO.-aryl. -SO.-heteroaryl. U-ihalomethyl, NR'R^, wherein R* and R** 
may be the same or different and are chosen from hydrogen, optionally substituted 

25 alkyl, cycloalkyl. alkenyl. cycloalkenyl. alkynyl. aryl, heteroaryl and heterocyclic. 

Preferred aryl substituents include alkyl, alkoxy, halo, cyano, nitro, trihalomethyl. and 
thioalkoxy. 

The term "aryloxy" refers to the group aryl-O- wherein the aryl group is as 
defined above including optionally substituted aryl groups as also defined above. 
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The lerm ' arylene'' refers to a diradical derived from aryl or substituted aryl as 
defined above, and is exemplified by 1,2-phenylene, 1,3-phenylene, 1 ,4-phenylene, 
1 ,2-naphihylene and the like. 

The term "substituted arylene" refers to a diradical derived from aryl as 
5 defined above having from 1 to 5 substituents selected from the group consisting of 
acyloxy, hydroxy, thiol, acyl, alkyl, alkoxy, alkenyU alkynyl, cycloalkyi, 
cycloalkenyl, substituted alkyl, substituted alkoxy. substituted alkenyl, substituted 
alkynyl, substituted cycloalkyi, substituted cycloalkenyl, aminoacyl, acylamino, 
alkaryl, aryl, aryloxy, azido, carboxyl, carboxylalkyl, cyano, halo, nitro, heteroaryl, 
1 0 heteroary loxy, heterocyclic, heterocyclooxy, aminoacyloxy, oxyacylamino, 

thioalkoxy, substituted thioalkoxy, thioaryloxy, thioheteroaryloxy, -SO-alkyL -SO- 
substituted alkyl, -SO-aryK -SO-heteroaryl, -SO.-alkyI, -SO.-substituted alkyl. -SO.- 
aryl. -SO.-heieroaryl. uihalomethyl, NR^R^ wherein R* and R** may be the same or 
different and are chosen from hydrogen, optionally substituted alkyl, cycloalkyi. 
1 5 alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl and heterocyclic. Preferred arylene 
substituents include alkyl, alkoxy, halo, cyano, nitro, trihalomethyl, and thioalkoxy. 

The term "carboxyalkyl" refers to the group "-C(0)Oalkyl" where alkyl is as 
defined above. 

The term "cycloalkyi" refers to cyclic alkyl groups of from 3 to 20 carbon 
20 atoms having a single cyclic ring or multiple condensed rings. Such cycloalkyi 

groups include, by way of example, single ring structures such as cyctopropyl. 

cyclobutyl, cyclopentyl. cyclooctyL and the like, or multiple ring structures such as 

adamanianyl, and the like. 

The term "substituted cycloalkyi" refers to cycloalkyi groups having from 
25 1 to 5 substituents selected from the group consisting of alkoxy, substituted alkoxy, 

cycloalkyi, cycloalkenyl. substituted cycloalkenyL acyl, acylamino, acyloxy, amino, 

aminoacyl, aminoacyloxy, oxyaminoacyL azido, cyano, halogen, hydroxyl, keto, 

thioketo, carboxyl, carboxylalkyl. thioaryloxy, thioheteroaryloxy, thioheterocyclooxy. 

thiol, thioalkoxy, substituted thioalkoxy, aryL aryloxy, heteroaryl, heteroaryloxy. 
30 heterocyclic, heterocyclooxy. hydroxyamino. alkoxyamino, nitro, -SO-alkyl, -SO- 

substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO^-alkyl, -SO^-substituted alkyl. -SO.- 
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arvK -SO,-heteroaryK and NR'R*'. wherein R' and may be the same or different and 
are chosen from hydrogen, optionally substituted alkyl, cycioalkyl, alkenyl, 
cycloalkenyL alkynyl, aryl, heteroaryl and heterocyclic. 

The term "cycloalkylene" refers to a diradical derived from cycloalkyl or 
5 substituted cycloalkyl as defined above. 

The term "substituted cycloalkylene" refers to a diradical derived from 
cycloalkyl as defined above having from 1 to 5 •^Mbstituents selected fi-om the group 
consisting of alkoxy, substituted alkoxy, cycloalkyl, cycloalkenyl, substituted 
cycloalkenyl, acyl, acylamino, acyloxy, amino, aminoacyl, aminoacyloxy, 

1 0 oxyaminoacy 1, azido. cyano, halogen, hydroxyl, keto, thioketo, carboxyl, 

carboxylalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, 
substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, 
heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-subsiiiuted alkyl, 
-SO-aryl. -SO-heteroaryL -SO.-alkyK -SO.-substituted alkyU -SOj-aryl, -SO,- 

1 5 heteroaryK and NR*R^ wherein R* and R** may be the same or different and are chosen 
from hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, 
alkynyU aryl, heieroarv'l and heterocyclic. 

The term "cycloalkenyl" refers to cyclic alkenyl groups of fi^om 4 to 20 carbon 
atoms having a single cyclic ring or fused rings and at least one point of internal 

20 unsaturation. Examples of suitable cycloalkenyl groups include, for instance. 
cyclobut-2-enyl. cyclopeni-3-enyl. cyclooci-3-enyl and the like. 

The term "substituted cycloalkenyl" refers to cycloalkenyl groups having from 
1 to 5 subsiiiuenis selected from the group consisting of alkoxy, substituted alkoxy. 
cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, 

25 acylamino, acyloxy. aminoacyl. aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, 
hydroxyl. keto, thioketo, carboxyl. carboxylalkyl. thioaryloxy, thioheteroaryloxy, 
thioheterocyclooxy. thiol, thioalkoxy. substituted thioalkoxy, aryl, aryloxy, heteroaryl, 
heteroaryloxy, heterocyclic, heierocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO- 
alkyl, -SO-subslituted alkyl, -SO-aryK -SO-heteroaryl, -SO:-alkyl, -SO,-substituted 

30 alkyl, -SO.-aryl. -SO.-heieroaryl. and NR^R^ wherein R^ and R** may be the same or 
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different and are chosen from hydrogen. optionaJly substituted alkyl cycloalkyL 
alkenyl, cycloalkenyl, alkynyL aryL heteroaryl and heterocyclic. 

The term "cycloalkenylene" refers to a diradical derived from cycloalkenyl or 
substituted cycloalkenyl as defined above. 
5 The term "substituted cycloalkenylene" refers to a diradical derived from 

cycloalkenyl as defined above having from 1 to 5 substituents selected from the group 
consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, aminoacyl, 
aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, thioketo, 
1 0 carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol, 
thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, 
heterocyclic, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SOalkyl, -SO- 
subsiiluted alkyl, -SO-aryl, -SO-heteroaryl, -SO:,-alkyL -SO.-substituted alkyl. -SO.- 
aryl, -SO^-heteroaryl, and NR"R^ wherein R** and R** may be the same or different and 
1 5 are chosen from hydrogen, optionally substituted alkyl, cycloalkyl. alkenyl, 
cycloalkenyl. alkynyL aryl. heteroaryl and heterocyclic. 

The term "halo" or "halogen" refers to fluoro, chloro, bromo and iodo. 
"HaloalkyT' refers to alkyl as defined above substituted by 1 to 4 halo groups 
as defined above, which may be the same or different, such as trifluoromethyl, 3- 
20 fluorododecyl. l2.12.I2-irifluorododecyl, 2-bromoociyl, -3-bromo-6-chloroheptyL 
and the like. 

The term "heteroaryl" refers to an aromatic group of from 1 to 15 carbon 
atoms and 1 to 4 heleroatoms selected from oxygen, nitrogen and sulfur within at least 
one nng (if there is more than one ring). 

25 Unless otherwise constrained by the definition for the heteroaryl substituent. 

such heteroaryl groups can be optionally substituted with 1 to 5 substituents selected 
from the group consisting of acyloxy, hydroxy, thiol, acyl, alkyl, alkoxy, alkenyl, 
alkynyl. cycloalkyl, cycloalkenyl, substituted alkyl, substituted alkoxy, substituted 
alkenyl. substituted alkynyl. substituted cycloalkyl. substituted cycloalkenyl, 

30 aminoacyl, acylamino. alkaryl, aryl, aryloxy. azido, carboxyl, carboxylalkyl, cyano, 
halo, nitro. heteroaryl, heteroaryloxy. heterocyclic, heterocyclooxy, aminoacyloxy, 
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oxyacylamino, ihioalkoxy. substituted thioalkoxy, thioaryloxy, ihioheteroaryloxy, - 
SO-alkyl. -SO-substituted alkyi, -SO-aryl, -SO-heieroaryl, -SOralkyl, -SO,- 
substituted alkyi, -SO.-ar>'l. -SO.-heteroaryl, trihalomethyl, mono-and di-alkylamino, 
mono- and NR^R*', wherein R' and R** may be the same or different and are chosen 
5 from hydrogen, optionally substituted alkyl, cycloalkyL alkenyl, cycloalkenyl, 
alkynyl, aryL heteroaryl and heterocyclic. Preferred heteroaryls include pyridyl, 
pyrrolyl and fiiryl. 

The term "heteroaryloxy" refers to the group heteroaryl-O-. 

The term ''heleroarylene" refers to the diradical group derived from heteroaryl 

1 0 or substituted heteroaryl as defined above, and is exemplified by the groups 2,6- 
pyridylene, 2,4-pyridiylene, U2-quinolinyiene, 1,8-quinolinylene, 1,4- 
benzofuranylene, 2,5-pyridinylene, 1.3-morpholinylene, 2,5-indolenyi. and the like. 

The term "heterocycle" or "heterocyclic" refers to a saturated or unsaturated 
group having a single ring, multiple condensed rings or multiple covalently joined 

15 rings, from 1 to 40 carbon atoms and from 1 to 10 hetero ring atoms, preferably 1 to 4 
hetero ring atoms, selected from nitrogen, sulfur, phosphorus, and/or oxygen. 

Unless otherwise constrained by the definition for the heterocyclic substituent. 
such heterocyclic groups can be optionally substituted with 1 to 5, and preferably 1 to 
3 substituenis. selected from the group consisting of alkoxy, substituted alkoxy, 

20 cycloalkyl, substituted cycloalkyL cycloalkenyl, substituted cycloalkenyl, acyl. 
acylamino, acyloxy. aminoacyl. aminoacyloxy, oxyaminoacyl, cyancf. halogen, 
hydroxyl, keto, ihioketo, carboxyl, carboxylalkyl, thioaryloxy. thioheieroaryloxy, 
thioheterocyclooxy. thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl. 
heteroaryloxy, heterocyclic, heierocyclooxy. hydroxyamino. alkoxyamino, nitro. -SO- 

25 alkyl, -SO-substituied alkyl, -SO-aryl. -SO-heieroaryl, -SO,-alkyl, -SO.-substituted 
alkyl, -SO.-aryL -SO.-heteroary L and NR='R^ wherein R' and R** may be the same or 
different and are chosen from hydrogen, optionally substituted alkyl. cycloalkyl. 
alkenyl. cycloalkenyl. alkynyl. aryl. heteroaryl and heterocyclic. Such heterocyclic 
groups can have a single ring or multiple condensed rings. 

30 Examples of nitrogen heterocycles and heteroaryls include, but are not limited 

to, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine, 
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indolizine, isoindole. indole, indazole, purine, quinolizine, isoquinoline, quinoiine, 
phthalazine, naphthyipyridine, quinoxaline, quLn2izoIine. cinnoline, pteridine, 
carbazole. carboline, phenanthridine, acridine, phenanthroline, isothiazole, phenazine, 
isoxazole, phenoxazine, phenothiazine, imidazolidine, imidazoline, piperidine, 
5 piperazine, indoline, morpholino, piperidxnyl, tetrahydrofiiranyl, and the like as well 
as N-alkoxy-niirogen containing heterocycles. 

A preferred class of heterocyclics include "crown compounds" which refers to 
a specific class of heterocyclic compounds having one or more repeating units of the 
formula [-(CH3-)„Y-] where m is equal to or greater than 2, and Y at each separate 
0 occurrence can be O. N, S or P. Examples of crown compounds include, by way of 
example only, [-(CHO^-NH-Jj, (-((CH,):-0)4-((CH2)rNH)2] and the like. Typically 
such crown compounds can have from 3 to 10 heteroatoms and 8 to 40 carbon atoms. 
The term ^'heterocyclooxy" refers to the group heterocyclic-O-. 
The term ^'thioheterocyclooxy'' refers to the group heterocyclic-S-. 
5 The term "heierocyclene*' refers to the diradical group derived from a 

heterocycle as defined herein, and is exemplified by the groups 2,6-morpholino, 2.5- 
morpholino and the like. 

The term "substituted heierocyclene" refers to a diradical group derived from a 
heterocycle as defined herein having 1 to 5, and preferably 1 to 3 substituents, 
0 selected from the group consisting of alkoxy, substituted alkoxy, cycloalkyL 
substituted cycloalkyL cycloalkenyl, substituted cycloalkenyl, acyL acylamino, 
acyloxy. aminoacyl. aminoacyloxy, oxyaminoacyl. cyano, halogen, hydroxyl. keto, 
thioketo. carboxyl. carboxylalkyl. ihioar>'loxy, thioheteroaryloxy. thioheterocyclooxy, 
thiol, thioalkoxy. substituted ihioalkoxy. arvl. aryloxy, heteroaryl, heieroaryloxy, 
5 heterocyclic, heterocyclooxv. hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO- 
subsiituted alkyl. -SO-ar\ L -SO-hcleroaryl. -SO.-alkyl, -SO,-substituted alkyl, -SO;- 
aryl. -SO;.-hcteroaryl. and NR^R^, wherein R^ and R*" may be the same or different and 
are chosen from hydroLien. optionally substituted alkyl, cycloalkyL alkenyl, 
cycloalkenyl. alkynyl, aryl. heteroar>'l and heterocyclic. Such heterocyclic groups can 
0 have a single ring or multiple condensed rings. 
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The lerm "oxyacylamino" refers to the group -OC(0)NRR where each R is 
independently hydrogen. alkyL substituted alkyl, aryl, heteroaryl, or heterocyclic 
wherein alkvK substituted alkyK aryl, heteroaryl and heterocyclic are as defined 
herein. 

5 The term "thiol" refers to the group -SH. 

The term "thioalkoxy" refers to the group -S-alkyl. 
The term "substituted thioalkoxy" refer?: to the group -S-substituted alkyl. 
The term "thioaryloxy" refers to the group aryl-S- wherein the aryl group is as 
defined above including optionally substituted aryl groups also defined above. 
10 The term "thioheieroaryloxy" refers to the group heteroaryl-S- wherein the 

heteroaryl group is as defined above including optionally substituted aryl groups as 
also defined above. 

As to any of the above groups which contain one or more substituents, it is 
understood, of course, that such groups do not contain any substitution or substitution 
15 patterns which are slerically impractical and/or synthetically non-feasible. In 

addition, the compounds of this invention include all stereochemical isomers arising 
from the substitution of these compounds. 

"Heteroarylalkyl" refers to heteroaryl as defined above linked to alkyl as 
defined above, for example pyrid-2-ylmelhyl, 8-quinolinylpropyU and the like. 
20 "Optional" or "optionally" means that the subsequently described event or 

circumstance may or may not occur, and that the description includes instances where 
said event or circumstance occurs and instances in which it does not. For example, 
optionally substituted alkyl means that alkyl may or may not be substituted by those 
groups enumerated in the definition of substituted alkyl. 
25 The term "pharmaceutically acceptable salt" refers to salts which retain the 

biological effectiveness and properties of the multi-binding compounds of this 
invention and which are not biologically or otherwise undesirable. In many cases, the 
multi-binding compounds of this invention are capable of forming acid and/or base 
sails by virtue of the presence of amino and/or carboxyl groups or groups similar 
30 thereto. 
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Pharmaceutically acceptable base addition salts can be prepared from inorganic and 
organic bases. Salts derived from inorganic bases, include by way of example only, 
sodium, potassium, lithium, ammonium, calcium and magnesium salts. Salts derived 
from organic bases include, but are not limited to, salts of primary, secondary and 
5 tertiary amines, such as alkyl amines, dialkyl amines, trialkyl amines, substituted 
alkyl amines, di(substituied alkyl) amines, tri(substituted alkyl) amines, alkenyl 
amines, dialkenyl amines, trialkenyl amines, substituted alkenyl amines, di(substituted 
alkenyl) amines, iri(substituted alkenyl) amines, cycloalkyl amines, di{cycloalkyl) 
amines, tri(cycloalkyl) amines, substituted cycloalkyl amines, disubstituted cycloalkyl 

10 amine, trisubstituied cycloalkyl amines, cycloalkenyl amines, di(cycloalkenyl) 
amines, tri(cycloalkenyl) amines, substituted cycloalkenyl amines, disubstituted 
cycloalkenyl amine, irisubsiituted cycloalkenyl amines, aryl amines, diaryl amines, 
iriaryl amines, heteroaryl amines, diheteroaryl amines, triheteroaryl amines, 
heterocyclic amines, diheterocyclic amines, triheterocyclic amines, mixed di- and tri- 

1 5 amines where at least two of the substituents on the amine are different and are 
selected from the group consisting of alkyl, substituted alkyl, alkenyl, substituted 
alkenyl, cycloalkyl. substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, 
aryl, heteroaryl, heterocyclic, and the like. Also included are amines where the two or 
three substituents, together with the amino nitrogen, form a heterocyclic or heteroaryl 

20 group. 

Examples of suitable amines include, by way of example only,- 
isopropylamine, trimethyi amine, diethyl amine, tri(/50-propyl) amine, tri(n-propyl) 
amine, ethanolaminc, 2-dimeihylaminoethanoL tromethamine, lysine, arginine, 
histidine, caffeine, procaine, hydrabamine, choline, beiaine, ethylenediamine, 

25 glucosamine. N-alkylgiucamines. theobromine, purines, piperazine, piperidine, 

morpholine, N-ethylpiperidine. and the like. It should also be understood that other 
carboxylic acid derivatives would be useful in the practice of this invention, for 
example, carboxylic acid amides, including carboxamides, lower alkyl carboxamides, 
dialkyl carboxamides, and the like, 

30 Pharmaceutically acceptable acid addition salts may be prepared from 

inorganic and organic acids. Salts derived from inorganic acids include hydrochloric 
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acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like. Salts 
derived from organic acids include acetic acid, propionic acid, glycolic acid, pyruvic 
acid, oxalic acid, malic acid, malonic acid, succinic acid, maleic acid, fiimaric acid, 
tanaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic 
5 acid, elhanesulfonic acid, />toluene-sulfonic acid, salicylic acid, and the like. 

The lerni "protecting group" or "blocking group" refers to any group which 
when bound to one or more hydroxyl, thiol, amino or carboxyl groups of the 
compounds prevents reactions from occurring at these groups and which protecting 
group can be removed by conventional chemical or enzymatic steps to reestablish the 
10 hydroxyl, thiol, amino or carboxyl group. See, generally, T.W. Greene & P.G.M. 
Wuis "Protective Groups in Organic Synthesis," 2"** Ed, 1991 , John Wiley and Sons. 
N.Y. 

The particular removable blocking group employed is not critical and 
preferred removable hydroxyl blocking groups include conventional substituents such 

1 5 as allyl, benzyl, acetyl, chloroacetyl, thiobenzyl, benzylidine, phenacyl, t-butyl- 

diphenylsilyl and any other group that can be introduced chemically onto a hydroxyl 
functionality and later selectively removed either by chemical or enzymatic methods 
in mild conditions compatible with the nature of the product. 

Preferred removable amino blocking groups include conventional substituents 

20 such as t-butyoxycarbonyl (i-BOC), benzyloxycarbonyl (CBZ), 

fluorenylmethoxycarbonyl (FMOC). allyloxycarbonyl (ALOC) and the like, which 
can be removed by conventional conditions compatible with the nature of the product. 
Preferred carboxyl protecting groups include esters such as methyl, ethyl, propyl, f- 
butyl etc. which can be removed by hydrolysis conditions compatible with the nature 

25 of the product. 

As used herein, the terms "inert organic solvent" or ''inert solvent'' mean a 
solvent inert under the conditions of the reaction being described in conjunction 
therewith including, for example, benzene, toluene, acetonitrile, tetrahydrofuran 
CTHF"). dimethylformamide rDMF''), chloroform ("CHCI3-), methylene chloride 

30 (or dichloromelhane or "CH.CK"). diethyl ether, ethyl acetate, acetone, methyleihyl 
ketone, methanol, ethanol, propanol. isopropanol, tert-buianol, dioxane, pyridine, and 
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the like. Unless specified to the contrary, the solvents used in the reactions of the 

present invention are inert solvents. 

The term "Na* channel" or " sodium ion channel" refers to a biomembrane- 

associaied structure that is capable of transporting sodium ions across a lipid 
5 membrane. The sodium channels pertinent to this invention are voltage-gated 

channels that mediate action potentials in mediate action potentials in excitable tissues 

(e.g., nerve and muscle). 

"Ligand" as used herein denotes a compound that is a binding partner for a 

receptor (e.g., a voltage-gated sodiun ion channel). The specific region or regions of 
1 0 the ligand molecule that is recognized by the ligand binding site of the receptor is 

designated as the "ligand domain". A ligand may be either capable of binding to a 

receptor by itself, or may require the presence of one or more non-ligand components 

for binding (e.g. ions, a lipid molecule, a solvent molecule, and the like). Examples of 

ligands that are useful in this invention include, but are not limited, to lidocaine, 
1 5 bupivacaine, benzocaine, levobupivacaine , etidocaine, mepivacaine, prilocaine, 

ropivacaine, tetracaine, procaine, procainamide, dibucaine, alphabutyl lidocaine. 

proparacaine. 2-chloroprocaine and pramoxine. The structures of representative local 

anesthetic agents is shown in Figure 2 . 



20 invention comprise a ligand group Ar-W (as defined in the g.uniTOry Qf.lhc Invention) 
and an amine group. These features are indicated in the structures below by the bold 
underline. In some embodiments (exemplified by structure (1) below), the amine 
group is distinct from the linker. 



It should be understood that the ligands in muliibinding compounds of this 



25 




30 



In other embodiments, the amine group is provided by the linker (exemplified 



by structure (2) below). 
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(2) 



For purposes of the present invention, it should also be recognized that 
portions of the ligand structure that are not essential for specific molecular recognition 
and binding activity may be varied substantially, replaced with unrelated structures 

1 0 and, in some cases, omitted entirely v^rithout affecting the binding interaction. It is 
further understood that the term ligand is not intended to be limited to compounds 
known to be useful, for example, as sodium ion channel- binding compounds (i.e., 
known drugs). Those skilled in the art will understand that the term ligand can 
equally apply lo a molecule that is not normally recognized for its channel binding 

1 5 propenies. The primary requirement for a ligand as defined herein is that it has a 
ligand domain, as defined above, which is available for binding to a recognition site 
on a receptor (e.g., a voltage-gated sodium ion channel). In addition, it should be 
noted that iigands that exhibit marginal activity or lack useful activity as monomers 
can be highly active as multibinding compounds, because of the biological benefit 

20 conferred by muliivalency. 

The term "ligand" or "Iigands" as used herein is intended to include the 
racemic forms of the iigands as well as individual enantiomers and diasiereomers and 
non-racemic mixtures thereof 

The term "ligand precursor'* refers to a compound that is a starling material or 

25 an intermediate in the synthesis of a completed ligand. The ligand precursor may be 
coupled to a linker with completion of ligand synthesis being carried out in a separate 
step (see, e.g.. Scheme T of Figure 14). Another example is provided in Scheme R of 
Figure 12. wherein compound (e) having an R group -CH,COOH is a ligand 
precursor in the synthesis of compound 145 and other compounds of Formula la 

30 where R is carboxyalkyl-substituied methylene. 
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-Multibinding agent" or "muliibinding compound" refers to a compound that 
is capable of multi valency as defined below, and which has from 2 to 10 ligands 
covalently bound to one or more linkers. In all cases, each ligand and linker in the 
multibinding agent is independently selected such that the multibinding agents include 
5 both symmetric compounds (i.e., where each ligand is identical as well as each linker) 
and asymmeu-ic compounds {i.e., where at least one ligand is different from the other 
ligand and/or at least one linker is different from other linkers). The multibinding 
agent provides a biologic and/or therapeutic effect greater than the aggregate of 
unlinked ligands equivalent thereto. That is to say, that the biologic and/or 

1 0 therapeutic effect of the ligands attached to the multi-binding compound is greater 
than that achieved by the same number of unlinked ligands made available for binding 
to the receptor or receptors. Examples of greater '^biologic and/or therapeutic effect" 
include increased ligand-receptor binding interactions (e.g.. increased affinity; 
increased agonist, antagonist or modulatory effects; improved kinetics), increased 

1 5 selectivity for the target, increased potency, increased efficacy, decreased toxicity, 
increased duration of action, altered bioavailability, improved pharmacokinetics, 
improved activity spectrum, increased therapieutic index, and the like. The 
multibinding compounds of this invention will exhibit at least one, and preferably 
more than one, of the above-mentioned effects. 

20 The term "ligand binding site" as used herein denotes a site on a receptor, such 

as a Na* channel, that recognizes a ligand domain and provides a binding parmer for 
the ligand. The ligand binding site may be defined by monomeric or muhimeric 
structures. This interaction may be capable of producing a unique biological effect, 
for example agonism. antagonism, modulation, or may maintain an ongoing 

25 biological event, and the like. 

It should be recognized that the ligand binding sites of Na^channels that 
participate in biological muiiivaleni binding interactions are constrained to varying 
degrees by their intra- and intermolecular associations. For example, ligand binding 
sites may be covalently joined in a single structure, noncovalently associated in one or 

30 more muliimeric structures, embedded in a membrane or biopolymer matrix, and so 
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on. and therefore have less translational and rotational freedom than if the same sites 
were present as monomers in solution. 

The terms ' agonism" and "antagonism" are well known in the art. As used 
herein, the term ' agonist ' refers to a ligand that when bound to a voltage-gated Na* 
5 channel stimulates its activity. The term "antagonist" refers to a ligand that when 
bound to a voltage-gated Na' channel inhibits its activity. One skilled in the art will 
appreciate that the term ' agonist'' encompasses both full and partial agonists, the 
difference being that a partial agonist has a iow efficacy relative to a full agonist. 
Channel block or activation may result from allosteric effects of ligand 

1 0 binding to the channel rather than occupancy of the channel pore. These allosteric 
effects may produce changes in protein conformation that affect Na* binding sites, 
gating mechanisms and/or the pore region (i.e.. ion permeation). 

A Na' channel can exist in several stales: C (closed resting state); O (open 
state): and I (inactivated state). The probability that a channel will exist in one of 

1 5 these three states changes with voltage. A given ligand may have different binding 
affinities for different states, and thereby be capable of producing agonist or 
antagonist activity or tonic or phasic block {see. generally, Strichartz. Chapter 2 In: 
Neural Blockade in Clinical Anesthesia and Management of Pain, Third Edition (Eds. 
MJ.Cousins and P.O.BridenbaugK Lippincott-Raben Publishers, 1998), 

20 The term "modulatory effect" is intended to refer to the ability of a ligand to 

change the activity of a Na' channel through binding to the channel. - 

"Potency" as used herein refers to the minimum concentration at which a 
ligand is able to achieve a desirable biological or therapeutic effect. The potency of a 
ligand is typically proportional to its affinity for its receptor. In some cases, the 

25 potency may be non-linearly correlated with its affinity. In comparing the potency of 
two drugs, e.g., a multi-binding agent and the aggregate of its unlinked ligand, the 
dose-response curve of each is determined under identical test conditions (e.g. in an in 
vitro or in vivo assay, in an appropriate animal model (such as a human patient)). The 
finding that the multi-binding agent produces an equivalent biologic or therapeutic 

30 effect at a lower concentration than the aggregate unlinked ligand (e.g. on a per 
weight, per mole or per ligand basis) is indicative of enhanced potency. 
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"Univalency" as used herein refers to a single binding interaciion between one 
ligand with one ligand binding site as defined herein. It should be noted that a 
compound having multiple copies of a ligand (or ligands) exhibits uni valency when 
only one ligand of that compound interacts with a ligand binding site. Examples of 
5 univalent interactions are depicted below. 



10 





Qgand domain 



*Doand bindina sSs 



"Multi valency" as used herein refers to the concurrent binding of from 2 to 10 
1 5 linked ligands (which may be the same or different) and two or more corresponding 
ligand binding sites, which may be the same or different. An example of irivaleni 
binding is depicted below for illustrative purposes. 



20 




MMM 




25 It should be understood that not all compounds that contain multiple copies of 

a ligand attached to a linker necessarily exhibit the phenomena of multivalency, i.e.. 
that the biologic and/or therapeutic effect of the multi-binding agent is greater than 
that of the same number of unlinked ligands made available for binding to the 
receptor or receptors. For multi-valency to occur, the ligands that are connected by a 

30 linker or linkers have to be presented to their receptors by the linker(s) in a specific 
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manner in order to bring about the desired ligand-orienling result, and thus produce a 
multi-binding interaction. 

•'Selectivity" or "specificity'' is a measure of the binding preferences of a 
ligand for different receptors. The selectivity of a ligand with respect to its target 
5 receptor relative to another receptor is given by the ratio of the respective values of Kj 
(i.e.. the dissociation constants for each ligand-receptor complex) or, in cases where a 
biological effect is observed below the , the - io of the respective EC50S (i.e., the 
concentrations that produce 50% of the maximum response for the ligand interacting 
with the two distinct receptors). 
1 0 The term "treatment" refers to any treatment of a disease or condition in a 

mammal, particularly a human, and includes: 

( i) preventing the disease or condition from occurring in a subject which 
may be predisposed to the condition but has not yet been diagnosed with the condition 
and, accordingly, the treatment constitute? prophylactic treatment for the pathologic 

1 5 condition; 

(ii) inhibiting the disease or condition, i.e., arresting its development; 

(iii) relieving the disease or condition, i.e., causing regression of the disease 
or condition: or 

(iv) relieving the symptoms resulting from the disease or condition, e.g., 
20 relieving pain without addressing the underlying disease or condition. 

The term "disease or condition which is modulated by treatment with a local 
anesthetic " covers all disease states and/or conditions associated with pain sensation 
that are generally acknowledged in the art to be usefully treated with a local anesthetic 
ligand and those disease states andy'or conditions that have been found to be usefully 
25 treated by a specific multibinding local anesthetic compound of our invention, i.e., the 
compounds of Formula L Such disease states and conditions include, by way of 
example only, surgical anesthesia, post operative pain relief, post-arthroscopic pain 
management, long-duration surgical block, proctitis and active distal ulcerative colitis, 
and the like. 

30 The term "therapeutically effective amount" refers to that amount of multi- 

binding compound that is sutTicient to effect treatment, as defined above, when 
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administered to a mammal in need of such treatment. The therapeutically effective 
amount will vary depending upon the subject and disease condition being treated, the 
weight and age of the subject, the severity of the disease condition, the manner of 
administration and the like, which can readily be determined by one of ordinary skill 
5 in the art. 

The term '^pharmaceutically acceptable excipienl" is intended to include 
vehicles and carriers capable of being coadministered with a multi-binding compound 
to facilitate the performance of its intended function. The use of such media for 
pharmaceutical ly active substances is well known in the art. Examples of such 

10 vehicles and carriers include solutions, solvents, dispersion media, delay agents, 

emulsions and the like. Any other conventional carrier suitable for use with the multi- 
binding compounds also falls within the scope of the present invention. 

The term "linker", identified where appropriate by the symbol X, refers to a 
group or groups that covalently links from 2 to 10 ligands (as defined above) in a 

15 manner that provides for a compound capable of multivalent interactions with 
voltage-gated Na' channels. Among other features, the linker is a ligand-orienting 
entity that permits attachment of multiple copies of a ligand (which may be the same 
or different) thereto. In some cases, the linker may itself be biologically active. The 
term iinker'^ does not, however, cover solid inert supports such as beads, glass 

20 particles, rods, and the like, but it is to be understood that the multi-binding 

compounds of this invention can be attached to a solid support if desired, for example, 
for use in separation and purification processes and for similar applications. 

The extent to which multivalent binding is realized depends upon the 
efficiency with which the linker or linkers that joins the ligands presents them to their 

25 array of ligand binding sites. Beyond presenting these ligands for multivalent 

interactions with ligand binding sites, the linker spatially constrains these interactions 
to occur within dimensions defined by the linker. Thus the structural features of the 
linker (valency, geometry, orientation, size, flexibility, chemical composition) are 
features of multi-binding compounds that play an important role in determining their 

30 molecular interactions with receptors and efficacy. 
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The linkers used in this invention are selected to allow multivalent binding of 
ligands to any desired ligand binding sites of a voltage-gated Na* channel, whether 
such sites are located interiorly (e.g., within a channel/translocalion pore), both 
interiorly and on the periphery of a channel, at the boundary region between the lipid 
5 bilayer and the channel, or at any intermediate position thereof. The distance between 
the nearest neighboring ligand domains is preferably in the range of about 2 A to about 
1 00 A, more preferably in the range of about 2 A to about 50A and even more 
preferably about 4-15A. 

The ligands are covalently attached to the linker or linkers using conventional 

10 chemical techniques. The reaction chemistries resulting in such linkage are well 
known in the art and involve the use of reactive functional groups present on the 
linker and ligand. Preferably, the reactive functional groups on the linker are selected 
relative to the functional groups available on the ligand for binding or which can be 
introduced onto the ligand for binding. Again, such reactive functional groups are 

1 5 well known in the art. For example, reaction between a carboxylic acid of either the 
linker or the ligand and a primary or secondary amine of the ligand or the linker in the 
presence of suitable well-known activating agents results in formation of an amide 
bond covalently linking the ligand to the linker; reaction between an amine group of 
either the linker or the ligand and a sulfonyl halide of the ligand or the linker results in 

20 formation of a sulfonamide bond covalently linking the ligand to the linker: and 

reaction between an alcohol or phenol group of either the linker or the ligand and an 
alkyi or aryl halide of the ligand or the linker results in formation of an ether bond 
covalently linking the licand lo the linker. 

Table I illustrates numerous reactive functional groups and the resulting bonds 

25 formed by reaction therebetween. Where functional groups are lacking, they can be 
created by suitable chemistries that are described in standard organic chemistr\' texts 
such as J. March, ' Adxanccd ()rsiumc Chemistry''. 4'^ Edition (Wiley-Inferscience 
(New York). 1992. 



9NSOOCIO: <WO . 9951565AlJ.> 



wo 99/51565 



TABLE 1 . Auachmem Chemistries ^ 



R 



O 

O HATU.HOAT. fl 



H 



O NaBHjCN, x^M-Ra 

Do R HO^^.R, 

H 



Q ^/■s:55^{OMe. NHAc. Ph. Me...) 



1 . ,R, ^-N'^N''^^ 

R/^ * HjN 2 _ H H 



op 

^sojci . „^,R, 1!!!^!! Rr^^Rj 



5 Ri " 

O -36- 



BNSOOCID- <WO. _995156&AI 



wo 99/51565 



PCT/US99/07263 



10 



15 



20 



The linker is attached to the ligand at a position that retains iigand domain- 
recepior binding and specifically permits the ligand domain of the ligand to orient 
itself to bind lo the ligand binding site. The determination of where acceptable 
substitutions can be made on a ligand is typically based on prior knowledge of 
structure-activity relationships of the ligand and/or congeners and/or structural 
information about ligand-receptor complexes (e.g.. X-ray crystallography, NMR, and 
the like). Such positions and synthetic protocols for linkage are well known in the art 
and can be determined by those with ordinary skill in the art. For example, the arrows 
below indicate the possible positions for attachment of lidocaine to a linker. 



Following attachment of a ligand to the linker or a significant portion thereof 
(e.g.. 2-10 atoms of linker), the linker-ligand conjugate may be tested for retention of 
activity in a relevant assay system (see Testing and Ex^mplg?i below, for 
representative assays). 

The relative orientation in which the ligand domains are displayed to the 
receptors depends both on the particular point (or points) of attachment of the ligands 
to the linker, and on the geometry of the linker framework. The term linker embraces 
everything that is not considered to be part of the ligand, e.g.. ancillary groups such as 
solubilizing groups, lipophilic groups, groups that alter pharmacodynamics or 
pharmacokinetics, groups that modify the diffusabilily of the multi-binding 
compound, groups that attach the ligand to the linker, groups that aid the ligand- 
orienting function of the linker, for example, by imparting flexibility or rigidity to the 
linker as a ^vhole. or to a portion thereof, and so on. 




BNSOOCID: <WO_. 9951565A1,L> 



wo 99/51565 



PCT/US99/07263 



Nomenclature 

The naming of the compounds of the present invention is illustrated below for 
representative compounds of formula (1). 

For example, in the following compound of formula (I), compound 54 in 
5 Table 2 below (see Preferred Kmbodiments \ 



(Ar-Wf 



10 




the iipand groups (Ar-W)' and (Ar-W)- are both named 2,6-dimelhylphenyl-NH- 
1 5 C(0)-CH(CH3CH3)- and the linker is denoted by its chemical formula, -NCCH^)- 

(CH.)3-0-(CH2)rO-(CH,)rO-(CH2)3-N{CH3)-. The aryl ring substituents are 

numbered such that position I is the position of attachment of the linker to the ring. 

In some instances, the ligand groups, (Ar-W)' and (Ar-W)- and the linkers are 

named according to lUPAC rules, using the Autonom® software program (Beilslein). 
20 Thus for example, in the compound shown above, the ligand groups are both named N 

-(2,6-dimethy!-phenyl)-buiyramide and the linker is named melhyl-(3-{2-(2-(3- 

meihylamino-propoxy)-ethoxy]-ethoxy}-propyl)-amine. 

The structures and names of several other representative compounds of 

formula (1) follow. 

(Ar-W)' Linker ; (Ar-W)^ 



30 
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In the above compound, compound 90 in Table 2, the ligand groups (Ar-W)' 
and (Ar-W)- are both named 2,6-dimethylphenyl-NH-C(0)-CHr, and the linker is 
-N(CH j)-CH,-C(0) -N-(CHO. '0-{CH,h •0-(CH2)rN-C(0).CHrN(CH3)- 

5 

Using [UPAC nomenclature, the ligand groups are named N-(2,6-dimethyI- 
phenyl)-acetamide and the linker is named 2-methylamino-l-[16-(2-methylamino- 
aceiy 1)- 1,4,10,1 3 - tetraoxa-7, 1 6-diaza-cy clooctadec-7-y Ijethanone. 



(Ar-W)' ^^ Linker ;* (Ar-W)^ 




In the above compound, compound 73 in Table 2, ligand group (Ar-W)' is 
named 2,6-dimelhylphenyl-NH-C(0)-CH2-, ligand group (Ar-W)- is named 4- 
aminophenyl-C(0)-0-(CH,):-, and the linker is -N(CH3)-(CH2)3-N(CH3)-. 
20 In lUPAC nomenclature, ligand group (Ar-W)' is named N-(2,6-dimethyl- 

phenyU-aceiamide, ligand group (Ar-W)^ is named 4-amino-ben2oic acid ethyl ester, 
and the linker is named N.N*-dimethyl-propane-K3-diamine. 
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In the above compound, compound 41 in Table 2. the ligand groups (Ar-W)' 
and (Ar-W)-^ are named 2,6-dimethylphenyl-NH-C(0). and the linker is: 
-CH-(CH3).-N-CH,-CH=CH-CH,-N-(CH,)4-CH- (irons). 
I i " I > 

5 

In lUPAC nomenclature, the ligand groups are named N-(2,6-dimethyl- 
phenyD-formamide and the linker is named l,l'-but-2-enyIenedipiperidine. 



10 




Linker 



15 



In the above compound, compound 111 in Table 2, the linker is named - 
N'(CH3)(CH,-Ph)-(CH3),o-N*(CH3)(CH,-Ph)-. 

In lUPAC nomenclature, the linker is N,N'-dimethyl-N,N"dibenzyl-decane- 

1,10-diamine. 



20 



25 



(Ar-W)' 




O 



Linker 



(Ar-W) 
O 




In the above compound, compound 124 in Table 2, the ligand group (Ar-W)' 
is named 2,6-dimethylphenyl-NH-C(0)-CH(N(CH3)j)- (R) isomer, the ligand group 
30 (Ar-W)- is named 2.6-dimethylphenyi-NH-C(0)-CH,- and the linker is - 

(CH,),N(CH3)-. 
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In lUPAC nomenclature, ligand group (Ar-W)' is named 2-dimethylamino-N- 
2,6-dimethyI-phenyl)-aceiamide, ligand group (Ar-W)* is named N-(2,6-dimethyI- 
phenyl)-acetamide, and the linker is named methyi-propyl-amine. 

5 

r.niT^pounds of Formula 1 

As explained above, the multibinding I*^ d anesthetic compoxmds described 
herein comprise 2- 1 0 ligands of the same or different type attached covalently to a 

1 0 linker that links the ligands in a manner that allows their multivalent binding to ligand 
binding sites of sodium ion channels. The linker spatially constrains these 
interactions to occur within dimensions defined by the linker. This and other factors 
increases the biologic and/or therapeutic effect of the multibinding compound as 
compared to the same number of ligands used in monobinding form. 

1 5 The compounds of this invention are preferably represented by the empirical 

formula (L)p(X)^ where L, X, p and q are as defined above. This is intended to 
include the several ways in which the ligands can be linked together in order to 
achieve the objective of multivalency, and a more detailed explanation is provided 
below. 

20 As noted previously, the linker may be considered as a framework to which 

ligands are attached. Thus, it should be recognized that the ligands can be attached at 
any suitable position on this framework, for example, at the termini of a linear chain 
or at any intermediate position thereof 

The simplest and most preferred multi-binding compound is a bivalent 

25 compound which can be represented as L-X-L, where L is a ligand and is the same or 
different and X is the linker. A trivaleni compound could also be represented in a 
linear fashion, i.e., as a sequence of repeated units L-X-L-X-L, in which L is a ligand 
and is the same or different at each occurrence, as is X. However, a trivalent 
compound can also comprise three ligands aUached to a central core, and thus be 

30 represented as (L)3X. where the linker X could include, for example, an aryl, 

cycloalkyl or heterocyclic group. Tetravalent compounds can be represented in a 
linear array, L-X-L-X-L-X-L , or a branched array, 
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L-X-L-X-L 
I 

L 

5 

i.e., a branched consirucl analogous to the isomers of butane (n-butyl, iso- 
butyl, 5ec-butyL and /- butyl). Alternatively, it could be represented as an aryl or 
cycloalkyl derivative as described above with four (4) ligands attached to the core 
linker. 

1 0 The same considerations apply to higher multibinding compounds of this 

invention containing from 5-10 ligands. However, for multibinding agents attached to 
a central linker such as an aryl, cycloalkyl or heterocyclyl group, or a crown 
compound, there is a self-evident constraint that there must be sufficient attachment 
sites on the linker to accommodate the number of ligands present. 

1 5 The formula (L)p(X)q is also intended to be inclusive of a cyclic compound of 

formula (-L- X-)„ ,where n is 2-10. 

All of the above variations are intended to be within the scope of the invention 
defined by the formula (L)p(X)q. Representative multibinding compounds of Fonnula 
1 , where p > 2 are illustrated in Figure 3. 

20 With the foregoing in mind, a preferred linker for bivalent compounds may be 

represented by the following formula: 

.X'-Z'"-(Y^-Z-),-X'- (V) 

in which: 

V is an integer of 0 to 20: 

25 X" at each separate occurrence is independently alkylene, substituted alkylene. 

alkenylene, substituted alkenylene, alkynylene, substituted alkynylene, -0-, -S-, 
.S{0)-, -S(0):-. -NR-. -N- R R -C(0)-. -C(0)0-, -C(0)NR-, -NRC(O)-, -C(S)-. - 
C(S)0. -C(S)NR- or a covaleni bond, where R and R at each separate occurrence are 
independently as defined below for R' and R"; 

30 Z'" is at each separate occurrence independently selected from alkylene, 

substituted alkylene, (alkylene-0),,-atkylene, where w is an integer of 1 to 10, 
alkylalkoxy. cycloalkylene, substituted cycloalkylene, alkenylene, substituted 
alkenylene, alkynylene, substituted alkynylene, cycloalkenylene, substituted 
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cycloalkenylene, arylene, substituted arylene, heteroarylene, substituted 
heieroarylene, heierocyclene, substituted heterocyclene. crown compounds, or a 
covalent bond: 

Y' at each separate occurrence is independently selected from -0-, NR', S, 
5 -C(OHCH2VNR*-, .NR*-(CH3)„ C(0>, -NR'.C(0)-NR'-, .0.C(0)-O, 

.NR'-C(-NR')-, .C(=NR')-NR -, .NR'C(0)-0-, .N=C(X>NR*-, -PCOMOR^O-, - 
S(0)„-CR'R"-, -S(0)„-NR'-, S-S- and a covalent bond; where n is 0, 1. or 2; and 

R, R' and R" at each separate occurrence are selected from hydrogen, alkyl, 
substituted alkyl, cycloalkyi, substituted cycloalkyl, alkenyl, substituted alkenyl, 
1 0 cycloalkenyU substituted cycloalkenyi, alkynyl, substituted alkynyl, aryl. heteroary I 
and heterocyclic. 

Additionally, the linker moiety can be optionally substituted at any atom 
therein by one or more alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyL 
alkenyh substituted alkenyl. alkynyl, substituted alkynyl, aryl, heteroaryl and 
15 heterocyclic groups. 

Preferred Rmbodiments 

Presently preferred compounds of Formula 1 are multibinding compounds of 
20 formula L-X-L and pharmaceuiically acceptable salts thereof, wherein X is selected 
from structures of formula II ( -N(R-^)-Z-N(R')-). fomiula III (-Y'-Z^-Y^-). and 
formula IV (.N (R' )(R')-Z"-N'(R')(R')-). where the subsiituents and linker 
components are as defined in the Summary of the Invention. 

Each ligand L. which may be the same or different at each occurrence, 
25 independently comprises a group having the formula Ar-W-, where Ar is an ary l. 
heierocyclyl or heteroaryl group that is optionally substituted at one or more 
positions, and W is an atomic grouping through which attachment is made to the 
linker As described in the Summary . W is selected from a covalent bond, -[CR'R-]r- 
[CR'R^LC(O), -C{0)0[CR'Ra - ^ - OC(0)[ CR'R-^], -0-[CR'R-].C(0)., 



-43- 



BNSOOCrD- <WC „.996t565Al.l.> 



10 



wo 99/51565 PCT/US99/07263 

-C(0)-NH-fCR'R-]r-. and -NH-C(0)[CR'R-], , where r is an integer of 0 to 10, and R' 
and R- are independently H, alkyl, substituted alkyi or a group -NR'R**-, where R* and 
R" are both alkyl. 

One group of preferred ligands for use in multibinding compounds includes 
conventional local anesthetics such as those described above. Also included in this 
class of compounds are ligands that share common structural features with 
conventional local anesthetics, for example, an aryl ring linked via an ester or amide 
linkage to an aliphatic group having a terminal tertiary or quaternary amine. The 
number of atoms between the ary l ring and the amine, is typically about 3-7 atoms. 



The modular, repeated tetrameric molecular structure of the sodium ion 
channel presents a plurality of cation binding sites. Accordingly, quaternary amines, 
guanidines and amidines are a second preferred class of binding group to be employed 
in a multi-binding local anesthetic compound. These positively charged amine 

1 5 moieties may comprise the terminal amine moiety of a local anesthetic-type binding 
group, or may be an ancillary group linked to a local anesthetic-type binding group, or 
to the linker framework of the multi-binding local anesthetic compound. 

In addition to these interactions, the inclusion of one or more lipophilic 
ancillary groups, such as a long chain alkyl group or an aromatic hydrocarbon linked 

20 to the local anesthetic-type binding group, to a quaternary alkyl amine, or to the linker 
framework may provide for increased duration of binding of the multibinding local 
anesthetic compound. 

The ligands, as described above, are linked together for multivalent binding 
interactions with ligand binding sites of a voltage-gated Na* ion channel. The multi- 

25 binding compound preferably includes at least two local anesthetic-type binding 

groups, and preferably additional ancillary groups from the second and third classes 
described above. 

Preferred linkers comprises a linear, branched or cyclic chain having from two 
to fifty, and preferably two to twenty-four, non-hydrogen atoms, where the bonds 
30 making up the chain are selected from alkylene (carbon-carbon), alkenylene (double 
bonded carbon-carbon), alkylene ether (carbon-oxygen), alkylene thioether (carbon- 
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sulfur), alkylene amino (carbon-nitrogen) linkages, or a combination thereof. The 
chain may further include one or more groups selected from cycloalkyi, heterocyclyl, 
aryl, heteroaryl, carbonyl, carboxy ester, carboxy amide, and sulfonyK intervening 
between these bonds. 
5 Local anesthetic-type ligands may be linked to the linker at different 

attachment points to achieve different orientations of the ligand domains, thereby to 
facilitate multi valency, as was discussed previously. This is illustrated below for 
lidocaine-based compounds of Formula I. In such compounds, lidocaine is preferably 
linked via the aliphatic amine moieties, via substituents on the benzene ring, or via the 

10 carbon which is alpha to the amide carbonyl group. The ligand and linkers shown 
below are selected for illustrative purposes only, and are not intended to limit the 
scope of the orientational analog compounds of this invention. As discussed 
previously, there are several classes of preferred linkers for local anesthetic-type 
compounds of this invention. Other preferred linkers and/or linker "cores" are 

1 5 exemplified below in Table 2 and Figure 4 . 



20 





(Aryl-Arvl) 



25 



H I 
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The multibinding compounds of this invention may also include one or more 
chiral centers. Such centers exist in the monobinding local anesthetic etidocaine, and 
10 non-racemic ligands, such as ropivacaine. The centers may be present in the linker of 
the compound, in the other types of binding groups, and in the ligands. Chirality may 
also be present in compounds lacking asymmetric atoms, e.g., in allene, biphenyl, 
spirane and helical compounds. 

In one embodiment, the multibinding compound comprises ester linkages 
15 which provide for inactivation of the compound by plasma esterases should the 
compound enter the systemic circulation. Such linkages may be introduced into the 
linker or a pendant functionality, or into binding groups and ligands. In a particularly 
preferred embodiment of the invention that is generally applicable to compounds of 
Formula I, the cleavage of an ester bond in a ligand substituent converts a 
20 multibinding local anesthetic compound of long duration into a nontoxic membrane- 
impermeant compound, thereby eliminating or greatly reducing its systemic toxicity. 

Accordingly, presently preferred embodiments are hereinafter represented by 
Formulas la, !b and Ic, 

25 Ar-W-N(R^)-Z-N(R')-W-Ar la 

Ar-W-Y^-Z'-Y**-W-Ar lb 

Ar-W-NXR^)(R')-Z"-NXR')(R'*)-W-Ar Ic. 

30 
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Representative compounds are shown in Table 2. These compounds were 
characterized by mass spectroscopy and tested for activity in representative and weli- 
accepted assays described herein (see Testing below). Compounds 156 and 170 are 
synthetic intermediates of compounds of Formula I. 
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Methods of Preparation of r nTy^pnunds of Formula I 

The linker or linkers, when covalently attached to multiple copies of the 
5 ligands, provides a biocompatible, substantially non-immunogenic multi-binding 
compound. The biological activity of the multibinding Na* channel binding 
compound is highly sensitive to the geometry, composition, size, flexibility or 
rigidity, the presence or absence of anionic or cationic charge, the relative 
hydrophobicity/hydrophilicity, and similar properties of the linker. Accordingly, the 

1 0 linker is preferably chosen to maximize the biological activity of the multi-binding 
compound. The linker may be biologically "neutral," i.e., not itself contribute any 
biological activity to the multi-binding compound, or it may be chosen to enhance the 
biological activity of the compound. In general, the linker may be chosen from any 
organic molecule construct that orients two or more ligands to the receptors to permit 

1 5 multivalency. In this regard, the linker can be considered as a "framework" on which 
the ligands are arranged in order to bring about the desired ligand-orienting result, and 
thus produce a multi-binding compound. 

For example, different orientations of ligands can be achieved by varying the 
geometry of the framework (linker) by use of mono- or polycyclic groups, such as 

20 aryl and/or heieroaryl groups, or structures incorporating one or more carbon-carbon 
multiple bonds (alkenyl, alkenylene. alkynyl or alkynylene groups). The optimal 
geometry and composition of frameworks (linkers) used in the multi-binding 
compounds of this invention arc based upon the properties of their intended receptors. 
For example, it may be preferred in some cases to use rigid cyclic groups (e.g., aryl, 

25 heteroar>'l), or in other cases non-rigid cyclic groups (e.g., cycloalkyl or crown 
groups) to reduce conformational entropy when desired. 

Different hydrophobic/hydrophilic characteristics of the linker as well as the 
presence or absence of charged moieties can readily be controlled by the skilled 
artisan. For example, the hydrophobic nature of a linker derived from hexamethylene 

30 diamine (H.N(CH3)ftNH:) or related polyamines can be modified to be substantially 
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more hydrophilic by replacing the alkylene group with a poly(oxyalkylene) group 
such as found in the conunercially available "Jeffamines" (class of surfactants). 

Different frameworks can be designed to provide preferred orientations of the 
ligands. The identification of an appropriate framework geometry for ligand domain 
5 presentation is an important first step in the construction of a multibinding agent with 
enhanced activity. Systematic spatial searching strategies can be used to aid in the 
identification of preferred frameworks through an iterative process. Figiu^ 5 
illustrates a useful strategy for determining an optimal framework display orientation 
for ligand domains and can be used for preparing the bivalent compounds of this 

10 invention. Various alternative strategies known to those skilled in the art of molecular 
design can be substituted for the one described here. 

As shown in Fig. 5, the ligands (shown as filled circles) are attached to a 
central core structure such as phenyldiacetyiene (Panel A) or cyclohexane 
dicarboxylic acid (Panel B). The ligands are spaced apart from the core by an 

1 5 attaching moiety of variable lengths m and n. If the ligand possesses multiple 

attachment sites (see discussion below), the orientation of the ligand on the attaching 
moiety may be varied as well. The positions of the display vectors around the central 
core structures are varied, thereby generating a collection of compounds. Assay of 
each of the individual compounds of a collection generated as described will lead to a 

20 subset of compounds with the desired enhanced activities (e.g., potency, selectivity). 
The analysis of this subset using a technique such as Ensemble Molecular Dynamics 
will suggest a framework orientation that favors the properties desired. 

The process may require the use of multiple copies of the same central core 
structure or combinations of different types of display cores. It is to be noted that core 

25 structures other than those shown here can be used for determining the optimal 

framework display orientation of the ligands. The above-described technique can be 
extended to irivaleni compounds and compounds of higher-order valency. 

A wide variety of linkers are commercially available (see, e.g., Chem Sources 
USA and Chem Sources International; the ACD electronic database; and Chemical 

30 Abstracts). Many of the linkers that are suitable for use in this invention fall into this 
category. Others can be readily synthesized by methods known in the art, and as 
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described below. Examples are given below and in Figure 4 , but it should be 
understood that various changes may be made and equivalents may be substituted 
without departing from the true spirit and scope of the invention. 

For example, properties of the linker can be modified by the addition or 
5 insertion of ancillary groups into the linker, for example, to change the solubility of 
the multibinding compound (in water, fats, lipids, biological fluids, etc.), 
hydrophobiciiy, hydrophilicity, linker flexibility, antigenicity, stability, and the like. 
For example, the introduction of one or more poly{ethylene glycol) (PEG) groups 
onto the linker enhances the hydrophilicity and water solubility of the multibinding 
1 0 compound, increases both molecular weight and molecular size and, depending on the 
nature of the unPEGylated linker, may increase the in vivo retention time. Further. 
PEG may decrease antigenicity and potentially enhances the overall rigidity of the 
linker. 

Ancillary groups that enhance the water solubility/hydrophiliciiy of the linker, 

1 5 and accordingly, the resulting multibinding compounds, are useful in practicing this 
invention. Thus, it is within the scope of the present invention to use ancillary groups 
such as, for example, small repeating units of ethylene glycols, alcohols, polyols, 
(e.g.. glycerin, glycerol propoxylate, saccharides, including mono-, oligosaccharides, 
etc.) carboxylates (e.g., small repeating units of glutamic acid, acrylic acid, etc.), 

20 amines (e.g., tetraethylenepentamine), and the like to enhance the water solubility 
and/or hydrophilicity of the multibinding compounds of this invention. In preferred 
embodiments, the ancillar>' group used to improve water solubility/hydrophilicity will 
be a polyether. In particularly preferred embodiments, the ancillary group will 
contain a small number of repealing ethylene oxide (-CHXH^O-) units. 

25 The incorporation of lipophilic ancillary groups within the structure of the 

linker lo enhance the lipophiliciiy and/or hydrophobicity of the compounds of 
Formula I is also within the scope of this invention. Lipophilic groups useful with the 
linkers of this invention include, but are not limited to, lower alkyi, aromatic groups 
and polycyclic aromatic groups. The aromatic groups may be either unsubstituted or 

30 substituted with other groups, but are at least substituted with a group which allows 
their covalent attachment to the linker. As used herein the term ''aromatic groups" 
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incorporates both aromatic hydrocarbons and heterocyclic aromatics. Other lipophilic 
groups useful with the linkers of this invention include fatty acid derivatives which 
may or may not form micelles in aqueous medium and other specific lipophilic groups 
which modulate interactions between the multibinding compound and biological 
5 membranes. 

Also within the scope of this invention is the use of ancillary groups which 
result in the compound of Formula I being incorporated into a vesicle, such as a 
liposome, or a micelle. The term "lipid" refers to any fatty acid derivative that is 
capable of forming a bilayer or micelle such that a hydrophobic portion of the lipid 

10 material orients toward the bilayer while a hydrophilic portion orients toward the 
aqueous phase. Hydrophilic characteristics derive from the presence of phosphato. 
carboxylic. sulfato. amino, sulftiydryl, nitro and other like groups well known in the 
art. Hydrophobicity could be conferred by the inclusion of groups that include, but 
are not limited to. long chain saturated and unsaturated aliphatic hydrocarbon groups 

15 of up to 20 carbon atoms and such groups substituted by one or more aryL heteroaryl, 
cycloalkyl. and/or heterocyclic group(s). Preferred lipids are phosphoglycerides and 
sphingolipids, representative examples of which include phosphatidylcholine, 
phosphatidylethanolamine. phosphalidylserine, phosphatidylinositol, phosphatidic 
acid, palmitoyleoyl phosphatidylcholine, lysophosphatidylcholine, lysophosphatidyl- 

20 ethanolamine, dipalmiioylphosphatidylcholine, dioleoylphosphatidylcholine, 
distearoyl-phosphatidylcholine and dilinoleoylphosphatidylcholine. Other 
compounds lacking phosphorus, such as sphingolipid and glycosphingolipid families, 
are also within the group designated as lipid. Additionally, the amphipalhic lipids 
described above may be mixed with other lipids including triglycerides and sterols. 

25 The flexibiliiy of the linker can be manipulated by the inclusion of ancillary 

groups which are bulky and'or rigid. The presence of bulky or rigid groups can hinder 
free rotation about bonds in the linker, or bonds between the linker and the ancillary 
group(s), or bonds between the linker and the ligands. Rigid groups can include, for 
example, those groups whose conformational freedom is restrained by the presence of 
30 rings and/or 7t-bonds, for example, aryl. heteroaryl. heterocyclic, alkenylene and 
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alkynyiene groups. Other groups that can impart rigidity include polypeptide groups 
such as oligo-or polyproline chains. 

Rigidity can also be imparted electrostatically. Thus, if the ancillary groups 
are either positively or negatively charged, the similarly charged ancillary groups will 
5 force the linker into a configuration affording the maximum distance between each of 
the like charges. The energetic cost of bringing the like-charged groups closer to each 
other, which is inversely related to the square Oi aie distance between the groups, will 
tend to hold the linker in a configuration that maintains the separation between the 
like-charged ancillary groups. Further, ancillary groups bearing opposite charges will 

1 0 tend to be attracted to their oppositely charged counterparts and potentially may enter 
into both inter- and intramolecular ionic bonds. This non-covalent mechanism will 
tend to hold the linker in a conformation which allows interaction between the 
oppositely charged groups. The addition of ancillary groups which are charged, or 
alternatively, protected groups that bear a latent charge which is unmasked, following 

1 5 addition to the linker, by deproteciion. a change in pH, oxidation, reduction or other 
mechanisms known to those skilled in the art, is within the scope of this invention. 

Bulky groups can include, for example, large atoms, ions (e.g., iodine, sulfur, 
metal ions, etc.) or groups containing large atoms, polycyclic groups, including 
aromatic groups, non-aromatic groups and structures incorporating one or more 

20 carbon-carbon K-bonds (i.e., alkenes and alkynes). Bulky groups can also include 
oligomers and polymers which are branched- or straight-chain species. Species that 
are branched are expected to increase the rigidity of the structure more per unit 
molecular weight gain than are straight-chain species. 

In preferred embodiments, rigidity (entropic control) is imparted by the 

25 presence of alicyclic (e.g., cycloalkyl), aromatic and heterocyclic groups. In other 
preferred embodiments, this comprises one or more multi-membered rings (e.g., 6- 
membered rings). In still funher preferred embodiments, the ring is an aryl group 
such as, for example, phenyl or naphthyl, or a macrocyclic ring such as, for example, 
a crown compound. 
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In view of the above, it is apparent that the appropriate selection of a linker 
group providing suitable orientation, entropy and physico-chemical properties is well 
within the skill of the art. 

Eliminating or reducing antigenicity of the multibinding compoimds described 
5 herein is also within the scope of this invention. In certain cases, the antigenicity of a 
multibinding compound may be eliminated or reduced by use of groups such as, for 
example, poly(ethylene glycol). 

Preparation of Biv alent Comoniinds of Formula I 

10 

As indicated above, the preferred compounds of Formula 1 are bivalent 
compounds which can be represented as L-X-L, where L is a ligand that is the same or 
different at each occurrence, and X is the linker. Accordingly, examples of bivalent 
compounds of Formula I may be prepared as described below, with reference to 

1 5 Figures 6- 1 4 which illustrate Reaction Schemes A to T . It should be noted, however, 
that the same techniques can be used to generate higher order multibinding 
compounds, i.e., the compounds of the invention where p is 3-10 (see. e.g.. Scheme S 
in Figure 13). The substituent groups and linker components illustrated in Schemes A 
to P of Figures 6-IO(e.g., R', R-. Z. etc.) have the same meanings as described in the 

20 Summary of the Invention , unless otherwise specified. 

A simplification in the description of the preparations is where a compound is 
represented by a formula containing a linking group such as an aikylene chain - 
(CH,)^- (e.g., compounds (9) and (10) in Scheme C). It should be understood that - 
(CH,)^,- is not intended to signify or imply that the scope of this reaction (or of the 

25 invention) is limited to straight (i.e. unbranchcd) aikylene chains, but rather -(CH;)^- 
is intended to include branched alkylenes, substituted alkylenes , and the like, as 
defined and disclosed herein. 

Unless specified to the contrary, the solvents used in the reactions of the 
present invention are inert organic solvents as defined herein. 

30 The reactions described therein lake place at atmospheric pressure within a 

temperature range of from S'^C to lOO^^C, preferably from 10°C to SO^'C, most 
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preferably at ' room'" or ' ambient" temperature, e.g.. lO'C, but the preferred 
temperature ranges will be those where the reagents will react within a reasonable 
period, preferably less than 12 hours, unless specified to the contrarj'. Further, unless 
otherwise specified, the reaction times and conditions are intended to be approximate. 
Parameters given in the Examples are intended to be specific, not approximate. 

Reactions performed under standard amide coupling conditions are carried out 
in an inert polar solvent (e.g.. DMF, DMA) in the presence of a hindered base (e.g., 
TEA. DIFEA) and standard amide coupling reagents (e.g., DPPA, PyBOP, HATU, 
DCC). 

prpparation o f Tnnnnounds »f Formulae la. lb and Ic 



As described previously, the compounds of Formula la, lb and Ic represent 
subgenera of bivalem compounds of Formula I. in which X is respectively a linker of 
1 5 Formula 11. Ill and IV (as defined in the SMmmarv Qf^hft Invention)- 

The preparation of ligand precursors for use in preparing compounds of 
Formulae la. lb and Ic. and of linkers used in compounds of Formula la. is illustrated 
in Reaction Schemes A through D (Figure 6). 



20 prpparation of Linkers 

Starting materials- In general, the diamine and dihalide linkers that are used 
in preparing the compounds of Formula la are commercially available or can be 
prepared by conventional methods known to those of ordinary skill in the an of 
synthetic organic chemistr> . 

25 Formula (2) - The preparation of a compound of formula (2) from a primary 

diamine is shown in Scheme A. A primar>- diamine (1) is dissolved under nitrogen in 
an inert organic solvent such as dichloromcthane and is stirred at room temperature 
with a Boc protecting agent (e.g.. Boc^O ) for several hours until the reaction is 
complete, to yield a di-Boc-proiccted diamine (18). Alternatively, diamine (1) is 

30 reacted with ethyl formate under standard conditions to yield a diformamide ( 19). 
The acylated products ( 18) or (19) are collected by precipitation and filtration and are 
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reduced under nitrogen to the N,N'-methyl diamine (2), using a suitable reducing 
agent in an inert organic solvent (e.g.. LiAlH, in dry THF). When reduction is 
complete, the solution is quenched (e.g., with Na^SO^ decahydraie solution), and 
compound (2) is isolated by filtration and evaporation of solvent. 

5 

fryparation of Ligand Precursors 

Starting materials- a-halo acid halides (3), anilines (4), phenols (6) and 
benzoic acids or their acid halide derivatives (8) are commercially available. It is 
preferred that compounds (4), (6), and (8) are substituted on the aiyl group with one 
1 0 or more substituents as described herein (for examples, see RcfmitiOP?. Examples 
and Table 2). For the preparation of benzoate ester derivatives of formula (5), the 
preferred starting material is an aminobenzoic acid. Esterification of the acid group is 
typically carried out prior to use of the starting material in the synthesis of formula 
(5). 

1 5 Formula (5) - Compounds of formula (5) are prepared as shown in Scheme 

B. An a-halo acid halide (3) is reacted under nitrogen with an aniline (4). It will be 
recognized that in preparing those compounds of formula (5) where R* and/or R- are 
other than hydrogen, the bromo acid halide derivative of compounds of formula (3) is 
preferred, rather than the chloro derivative. 

20 The addition of the halide is carried out with cooling in an inert organic 

solvent (e.g., dichloromethane) in the presence of a suitable base (e.g.; DIPEA) to 
scavenge the acid generated. The reaction is thereafter continued at room temperature 
for approximately an hour, then the reaction mixture is concentrated and washed with 
ether to yield an a-halo amide (5). 

25 Formula (7)- Compounds of formula (7) are prepared as shown in Scheme B 

by reacting a compound of formula (3) with a phenol (6) to yield an a-halo ester (7). 
The reaction is carried out under nitrogen with cooling in an inert organic solvent 
(e.g.. dichloromethane) in the presence of a suitable base (e.g., DIPEA). then 
partitioned into ether and water. The ether phase is collected, and rinsed with water. 

30 brine, dried (MgSO^). filtered, concentrated and purified by chromatography to yield 
an a-halo ester (7). 
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Formula (1 1) - (i)-halo benzylamide compounds of formula (1 1) arc prepared 
as shown in Scheme C, by reacting a benzoic acid (8a) under standard amide coupling 
conditions to an o) -halo-amine (9), where m^ 10 and preferably not 4 or 5, to yield 
amide (11). Benzoic acids are coupled using standard amide coupling reactions. 
5 Preferably, a hindered base is employed, preferably diisopropylethylamine, in the 
presence of benzoiriazol-l-yloxytripyrrolidino phosphonium hexafluorophosphate 
(PyBOP) and 1 -hydroybenzotriazole (HOST), i ne reaction is conducted in an inert 
polar solvent, for example, N, N-dimethylformamide (DMF) or dimethy' sulfoxide 
(DMSO), or preferably a mixture of both, at about room temoerature. 

10 Formula (12)- a> -halo benzylester compounds of formula (12) are prepared as 

shown in Scheme C, by reacting an appropriately substituted benzoyl halide 
compound (8b) with an w -halo alcohol (10), where m ^ 10 and preferably not 4 or 5, 
in the presence of a nonnucleophilic base (e.g. pyridine) in an inert solvent (e.g. ether) 
to yield a precipitate. The crude product is redissolved in ether, water soluble 

1 5 impurities are removed by washing, and the ether layer is concentrated to yield (o - 
halo benzylester (12). 

Formula (16)- The preparation of ligand precursors with alkyl ether sidechain 
substitutions of the ar>l group, i.e.. compounds of Formula (16) where R'^ is an alkyl 
group typically having one or more carbon atoms is shown in Scheme D. Nitrophenol 

20 (13) is prepared by reacting an appropriately substituted phenol with sodium nitrate as 
described in Example 5 below. Nitrophenol (13) is reacted under a nitrogen 
atmosphere in an inert solvent (e.g.. DMF) with an alkyl halide in the presence of base 
(e.g., potassium carbonate) for about 12 hours to yield nitro-substituted arylether (14). 
Compound (14) is extracted from the reaction mixture into ethyl acetate/hexanes ( 1 : 1 

25 v/v) and concentrated. Catalytic hydrogenaiion of compound (14) yields amine (15). 
After removal of the catalyst by nitration, the filtrate is concentrated to provide amine 

(15) . Amine (15) is dissolved in an inen solvent (e.g., dichloromethane), then 
coupled in the presence of DIPEA to a-halo acid halide (3) to yield (16). Compound 

(16) is isolated by organic phase extraction and concentration. 
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Compounds of Formula la 

The preparation of compounds of Formula la is illustrated in Reaction 
Schemes E through J of Figures 7 and 8. 

Formula (21>- A compound of Fonnula la represented by formula (21), is 
5 preferably prepared by Scheme E (where and R* may be the same or different 
substitutents) or G (where R^ and R^ are the same substituent). In Scheme E, 
approximately 2 equivalents of an appropriately substituted o-halo amide (5), one 
equivalent of linker (2) and 2.5 equivalents of base (e.g.,DIPEA) are dissolved in an 
inert organic solvent (e.g., ethanol) under a nitrogen atmosphere and refluxed at about 
10 85 °C until the reaction is complete. The bivalent compound of formula (21) is 
isolated by crystallization from the reaction mixture at room temperature. 

An alternate route is shown in Scheme G. The first step is carried out with a 
linker of formula (1) essentially as described above for Scheme E to yield a 
compound of Formula la represented by formula (26). In the next step, one equivalent 
15 of (26) is dissolved in alcohol and refluxed for about 12 hours under a nitrogen 
atmosphere with approximately two equivalents of alkyl halide (27) to yield a 
compound of Formula la represented by formula (21). Compound (21) is purified by 
chromatography (e.g., silica gel), converted to an acid salt and and precipitated from 
an organic solvent. 

20 Another possible route for preparing compound (21) is shown in Scheme F of 

Figure 7. According to Scheme F of Figure 7, compound (5) is coupled to a primary 
alkylamine (22) in the presence of base to yield a compound of fonnula (23). 
Compound (23) is then coupled with a dihalidc linker (24) in the presence of base to 
yield compound (21). Using a variation of Scheme F (see, e.g.. Preparation of 

25 Bivalent Heterovalomers K compounds of Formula la can be synthesized where R^^R"* 

Formula (33)- Compounds of Formula la having the structure of Formula 
(33) are prepared according to Scheme H of Figure 7. Accordingly, a nipecolinic acid 
derivative (30) is reacted with an amine-protecting group (e.g., Cbz) under standard 
30 conditions to form an N-protected compound of formula (31). Compound (31) is 
reacted under nitrogen with an equivalent of suitably substituted aniline (4) under 
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Standard amide coupling conditions. The amide product is deprotected by catalytic 
hydrogenation, and following removal of the catalyst by filtration, the deprotected 
amide (32) is concentrated. Two equivalents of compound (32) is reacted under 
nitrogen with one equivalent of a dihalide linker (24) in the presence of base at 80°C 
5 for about 1 2 hours. A compound of Formula la represented by formula (33^ is 
isolated from the reaction mixture by preparative HPLC, followed by lyophilization. 

Formula (40)- Compounds of Formula la having the structure represented by 
formula (40) are prepared as illustrated in Scheme I- 1 of Figure 8. Approximately 
two equivalents of an appropriately substituted benzoic acid (8a) is reacted overnight 

10 in an inert organic solvent (e.g., DMF) under a nitrogen atmosphere and under 

standard amide coupling conditions with approximately one equivalent of linker (1). 
The product, compound (40) is purified by preparative HPLC. 

Formula (52)- Compounds of Formula la having the structure represented by 
formula (52) are prepared as illustrated in Scheme J of Figure 8. An aminobenzoic 

1 5 acid compound (45) is dissolved in a polar solvent (e.g., acetonitrile) under nitrogen 
and is reacted at elevated temperature (e.g., 90**C ) with a carboxy-protecting agent 
such as benzyl bromide to yield a compound of formula (46). 

Compound (46) is dissolved in an inert organic solvent (e.g., ether) and is 
reacted under nitrogen with an amine-protecting group (e.g., trifluoroacetic anhydride, 

20 O^'C ) for several hours, then concentrated to yield a compound of formula (47). 

Approximately two equivalents of compound (47) is coupled with one 
equivalent of a dihalide (24) by refluxing with base and a catalyst (e.g., benzyltriethyl 
ammonium chloride) in an inert solvent for about 48 hours, then concentrated and 
purified (e.g., by silica gel chromatography) to yield a compound of formula (48). 

25 Compound (48) is deprotected at the COOH group to yield (49). Amide coupling 
with amine (50) (where R'^ is alkylene or substituted alkylene, preferably 
dialkylaminoalkyl) is carried out at room temperature for several days under nitrogen 
under standard coupling conditions to yield compound (51). which, after 
concentration and purification (e.g., by chromatography) is N-deprotected to yield a 

30 compound of Formula la having the structure represented by formula (52). 
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Compounds of Formula lb 

Reaction Schemes K-M of Figure 9 illustrate the preparation of compounds of 
Formula lb having cyclic secondary amine linkers of the fonnula shown below, 

Q' 

where Q and Q' may be the same or different alkylene or substituted alkylene chains 
(preferably oligoethylene glycol chains), and Y* and may be the same or different 
10 and are defined as in the Summary of the Invention. 

The preparation of a compound of Formula lb where linker X is a piperazine 
group is described below in Example 13B. 

Although not shown here, it should be understood that those compounds of 
Formula lb with linkers comprising multiple N-containing heterocyclic rings can be 
15 prepared by reactions analogous to those shown in Schemes K-M of Figure 9. 

Starting materials- In general, the cyclic secondary amine linkers thai are 
used in preparing the compounds of Formula lb are commercially available or can be 
prepared by methods known to those of ordinary skill in the art of synthetic organic 
20 chemistry. 

Formula (61)- Compounds of Formula lb having the structure represented by 
fonnula (61) are prepared as illustrated in Scheme K of Figure 9, 

Approximately one equivalent of a compound of formula (60) is dissolved in 
alcohol and refluxed under nitrogen with approximately 2.5 equivalents of an 
25 elecirophilic precursor (5) in the presence of a hindered base (e.g., DIPEA) for about a 
week to yield a compound of Formula lb having the structure of formula (61). 
Compound (61) is isolated by organic extraction and purified by chromatography 
(e.g., on silica gel). 

An alternative synthesis of a compoimd of formula (61) is shown in Scheme M 
30 of Figure 9. It will be recognized that ihe use of a chiral amino acid (65) affords 
stereoselective synthesis of compound (61). As shown in Scheme M, N-protected 
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amino acid (65) is coupled under nitrogen and under standard amide coupling 
conditions (e.g.. HATU, HOAi, DIPEA in DMF) to aniline (4) to form compound 
(66). Compound (66) is deprotected (e.g., by catalytic hydrogenation) to form 
compound (67). Compound (67) is concentrated, dissolved in ethanol under niUDgen 
5 and two or more equivalents is reacted with an equivalent of dihalide (68),where Q is 
preferably alkylene or substituted alkylene, for several days in the presence of base at 
elevated temperature (e.g., IS^'C) to yield compound (61) after conventional isolation 
and purificaaon (e.g., concentration ard silica gel chromatography). 

It should be noted also that Scheme M can be used to prepare chiral 
1 0 compounds of Formula la (e.g., by linking a chiral compound (67) to an alkyi halide). 

Formula (64)- Compounds of Formula lb having the structure represented by 
formula (64) are prepared according to Scheme L of Figure 9. 

Approximately 1 equivalent of Compound (60) is reacted with cooling with 
approximately 2 equivalents of a halogen-substituted acyl chloride (62). which is 
1 5 commercially available or otherwise prepared by methods known in the art. 
The resulting intermediate (63) is refluxed for several days under nitrogen with 
approximately 2.5 equivalents of compound (23) (prepared as shown in Scheme F of 
Figure 7), then isolated and purified by conventional methods (e.g., organic phase 
extraction and silica gel chromatography) to yield compound (64). 
20 Formula (42)- Compounds of Formula lb having the structure represented by 

formula (42) are prepared according to Scheme 1-2 of Figure 8. Two' or more 
equivalents of an appropriately substituted benzoyl halide (8b) (e.g.. chloride) are 
coupled to an equivalent of diol linker (41) in the presence of nonnucleophilic base 
(e.g. pyridine) in an inert solvent (e.g.. THF. dichloromethane) to form a bivalent 
'25 compound having the structure of formula (42). Compound (42) is purified by 
chromatography (e.g.. silica gel). 

Formula (95)- Compounds of Formula lb having the structure represented by 
formula (95) (where R and R' are alkyl groups, which may be the same or different, n 
= 1-10, preferably 2 - 5, and the chiral center is denoted by an asterisk) are prepared 
30 according to Scheme T of Figure 14. It should be understood that the aryl groups 
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shown here are for illustrative purposes and are not intended to limit the scope of the 
invention. 

Referring to Scheme T, a diaminoacid compound of formula (90) (where PG, 
and PG, are difFerentially removed N-protecting groups (e.g., Boc and Cbz or Boc and 
5 Fmoc)) is coupled with an aryl group (e.g., 2,6-dimethylaniline) (not shown) under 
standard amide coupling conditions (e.g., HATU, HOAT, DIPEA) to form a 
compound of formula (91). Compounds of fomiula (90) having n ^ 5 are 
commercially available, whereas compounds with n >5 can be synthesized by 
conventional well-known methods. 

1 0 The compound of formula (91) is converted to a compound of formula (92) by 

removal of the PG, group as follows, for example,: where PG, is Boc and PG2is 
Fmoc. the compound is incubated with piperidine in DMF; where PGj is Boc and PG, 
is Cbz. the compound is ueated with H, in the presence of 10% Pd/C catalyst; and 
when PG, is Fmoc and PG: is Boc, the compound is treated with TFA in 

1 5 dichloromethane. 

A compound of formula (92) is alkylated by a compound of formula (5) 
(Scheme B) at elevated temperature (e.g., 80T) in the presence of base (e.g.. DIPEA), 
to afford a compound of formula (93), which is purified by chromatography (e.g., 
silica gel). 

20 Deproiection of a compound of formula (93) is carried out by treatment with 

piperidine in DMF (Fmoc removal), or by treatment with TFA in dichloromethane 
(Boc removal) for example, thus yielding a compound of formula (94). Compounds 
of formula (94) are optionally alkylated (by reductive alkylation or direct alkylation) 
to form compounds of formula (95). 

25 Alternatively, alkylation can be carried out after Step 3 and before Step 4, and 

the alkylated product isolated by chromatography (e.g., silica gel). Following 
deprotection to remove PG,. the deprotectcd amino group is then alkylated. This 
procedure is used for example to synthesize compounds of formula (95) where R^^R'. 
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Compounds f)f Forrnula Ic 

The preparation of compounds of Formula Ic (i.e., bivalent compounds having 
a bis-quaiemary amine linker) is shown in Schemes N to P of Figure 10. 

Formula (70)- Compounds of formula (70) are prepared preferably as shown 
in Scheme N, where K\ R' and may be the same or different. A compound of 
formula (21) (prepared according to Schemes E-G of Figure 7), is reacted with an 
excess of alkylating agent (40) in the presence of base at elevated temperature (e.g. 
85°C) for about 24 hours, to yield a compound of formula (70). 

Formula (72)- Compounds of formula (72) can be prepared by coupling two 
or more equivalents of ligand precursor (5) to an equivalent of tertiary amine linker 
(71) in the presence of base to yield a compound of formula (72). 

Formula (73)- Compounds of formula (73) are prepared by reacting a 
compound of formula (26) (prepared as described in Scheme G of Figure 7) with 
excess alkylating agent (27) in the presence of base to yield a compound of formula 



It is understood that altering reaction sioichiomeuies and conditions will yield 
a mixed quaternary/tertiary amine of the formula, 



Such compounds are covered by Formula IV, wherein one of or R^ is not present. 

Preparation o f Bivalent Heierovalomers 

Heierovalomers (i.e., mullibinding compounds with nonidentical ligands) are 

prepared for example by the following methods. 

Method 1 : Synthesis of a monoadduct (i.e., linker-ligand conjugate) followed 
by coupling to a nonidentical ligand. 
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The preparation of Aryl-N linked heterovalomers having the structure 
represented by formula (80) is shown, for example, in Scheme Q of Figure 11. 

Formula (80)- A compound of fomiula (47) (prepared as described in 
Scheme J of Figure 7), is reacted with five equivalents of a dihalide such as di- 
5 iodoalkane, under reflux with base and a catalyst (e.g., triethylbenzylanmionium 

bromide) in an inert organic solvent overnight, then concentrated and purified (e.g., by 
silica gel chromatography) to yield a compound of formula (76). Compound (76) is 
reacted with two equivalents of a compound of formula (23) (prepared for example as 
shown in Scheme F of Figure 7) in the presence of base in an organic solvent at about 
1 0 60''C with stirring overnight to afford a compound of formula (77) which is 

concentrated and purified chromalographically (e.g., silica gel). Compound (77) is 
deprotected at the carboxy group to yield (78). Compound (78) is esterified by 
reaction with N,N-dimethylethanolamine in the presence of DIPEA, HATU and 
HOAT to form a compound of formula (79), which is purified by chromatography 
15 (e.g., silica gel). 

Deprotection of compound (79) is carried out by reaction with methylamine in 
THF to afford an (N-Aryl) heterovalomer of formula (80), which is purified by 
chromatography (e.g.. silica gel). 

Method 2 : Isolation of monoadduct from dimerization reactions 
20 A side product of the previously described dimerization reactions is the 

monoadduct (i.e.. linker-iigand conjugate), which can be separated from the dimer by 
conventional chromatographic techniques. The stoichiometry of the reaction can be 
adjusted to favor production of the monoadduct (e.g.. a 1 : 1 molar ratio of linker to 
ligand ). 

25 A monoadduct comprising one type of ligand can be coupled to a different 

ligand using essentially the same reaction conditions as described above with 
reference to Schemes E-M of Figures 7-9. This method is illustrated in Scheme R of 
Figure 12 for compounds 144 and 145 (Table 2) and is described in detail in Example 
22 below. 

30 

Preparation of Orientational A nalogs of Bivalent Compounds 
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The orientation of a ligand with respect to the linker may be varied, as 
described previously, by coupling two ligands of the same type to a linker through 
different functional attachment points. The preparaUon of such compounds may be 
carried out by conventional variations of the methods described above for 
5 heterovalomers. 

Alternatively, such compounds may be prepared by using a monoprotected 
linker to form a ligand-linker conjugate, which is then deprotected and coupled to a 
second liganu of the same type through a different functionality. A variation of this 
method is shown, for example, in Scheme T of Figure 1 4 and exemplified in Example 
10 24. Scheme T of Figure 1 4 illustrates a preferred route for the synthesis of -N 
orientational analogs, using a ligand precursor to form a ligand precursor-linker 
conjugate. The synthesis of this ligand is completed after the second ligand is linked 
to the linker (i.e.. in steps 4 and 5). 

15 Preparation o f rnmpounds of Formula I where p=3-10 

Compounds of Formula I of higher order valency, i.e. p>2, can be prepared by 

simple extension of the above strategies, for example, by coupling ligands to a central 

core bearing multiple functional groups (see, e.g., Reaction Scheme S of Figure 13) or 

to a tetrahedral atom such as carbon or nitrogen. The reaction conditions are the same 
20 as described above for the preparation of bivalent compounds, with appropriate 

adjustments made in the molar quantities of ligand and reagents. 

Referring to Reaction Scheme S. three or more molar equivalents of an 

appropriately substituted N-ar>'l-2-haloaceiamide is reacted with one equivalent of a 

iriamine or triamine salt, preferably in an ethanolic solution containing 
25 diisopropylethylamine under an inert atmosphere with mild heating, e.g. 80°C, for 

several hours until the reaction is complete. For reaction of secondary amines, the 

solution is preferably heated at reflux. 

The trivalent compound is isolated and purified by conventional means, 

preferably by precipitation and filtration. For preparation of compounds of higher- 
30 order valency, a similar procedure is followed, using an appropriate number of moles 

of halocompound. 
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When it is desired to incorporate degradable ester linkages into the muhivalent 
compound, this may be accomplished by the use of a local anesthetic-type binding 
group having an ester rather than an amide linkage (see, e.g.. Table 2, compounds 71, 
73, 100 and others.) An alternative route is shown in Scheme I-l of Figure 8 
5 (formation of compound (42)). Alternatively, one or more ester linkages may be 
incorporated into the linking framework, as illustrated below. 



15 Isolation and Purification of the Compounds 

Isolation and purification of the compounds and intermediates described herein can be 
effected, if desired, by any suitable separation or purification such as, for example, 
filtration, extraction, crystallization, column chromatography, thin-layer 
chromatography, thick-layer chromatography, preparative low or high-pressure liquid 

20 chromatography or a combination of these procedures. Specific illustrations of 

suitable separation and isolation procedures can be had by reference to the Examples 
herein below. However, other equivalent separation or isolation procedures could, of 
course, also be used. 

25 Issliiig 

Local anesthetics can be tested for activity in various well-known assays (e.g.. 
the batrachotoxin (BTX) displacement assay {McNeal et al J. Med Chem. 28: 38! 
(1985)), patch clamp method {see, generally. Neher and Sakmann. 'The Patch 
Clamp Technique, ' Scientific American pp. 44-51 (1992); Hamill et al Pjlugers 
30 Arch 391: 85 (1981); intact isolated nerve assay, e.g., isolated frog sciatic nerve (see 
Example 13 described below); blockage of the cutaneous trunci muscle reflex 



10 




O 
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(CTMR) in guinea pigs (Bulbring e( at, J- Pharmacol. Exp. nerap. 85: 78^4 (I94:>): 
Blight et ai J. Compar. Neurology 296: 614-633 (1990); Choi ei al Life Sci. 61: 
PLl 77-84 (1997)). Evaluation of motor and sympathetic function during sciatic nerve 
block in the rat is described, e.g., in Grant et al. Anestk Analg. 75: 889-94 (1992), 
and Thalhammer et ai. Anesthesiology 82: 1013-25 (1995). 

The muhi-binding compounds prepared as described above were screened for 
voltage-gated Na* ion channel binding and functional activities as exemplified in 
Examples 25-28 below. 



10 Uiiiity 

The compounds of Formula I are useful in modulating the activity of voltage- 
gated Na* channels in mammals, e.g.. humans. They will typically be used for the 
prevention and alleviation of pain, e.g., for topical anesthesia, infiltration anesthesia, 
field block anesthesia, nerve block anesthesia, spinal anesthesia, epidural anesthesia. 

1 5 post -operative analgesia, post-arthroscopic pain management, inflammatory pain, 
neuropathic pain, depression, seizure (epilepsy) and neuroprotection (stroke) and are 
useful for other indications, e.g., protection and recovery fi-om ischemia ( Lantos et 
ai Arch. Int. Pharmacodyn. Ther 331: 179(1996)1 SiSlhma (Hunt et ai. Mayo Clin. 
Proc. 71: 361 (1996), rapid heartbeat (Gorgeis et ai Am. J. Cardioi 78: 43 (1996)). 

20 cardiac arrhythmia (Rosen et ai Am. Heart 89: 526 (1975), natriuresis {Wyeth et ai 
Life Sci 60: 473 (1997) proctitis and active distal ulcerative colitis (Arlander et ai 
Aliment. Pharmacoi Thar. 10: 73 fl996)h inflammatory bowel disease and irritable 
bowel syndrome. 



25 Pharmaceuti cal Formulations 

When employed as pharmaceuticals, the compounds of Formula 1 are usually 
administered in the form of pharmaceutical compositions. This invention therefore 
provides pharmaceutical compositions which contain, as the active ingredient, one or 
more of the compounds of Formula I above or a pharmaceutically acceptable salt 

30 thereof and one or more pharmaceutically acceptable excipients, carriers, diluents, 
permeation enhancers, solubilizers and adjuvants. One or more compounds of 
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Formula 1 may be administered alone or in combination with other therapeutic agents 
(e.g.. vasoconstrictors, anti-inflammatory agents, antibiotics, other monobinding 
anesthetic bases and salts, counter-irritants), carriers, adjuvants, permeation 
enhancers, and the like. The compounds may be formulated using conventional 
5 techniques such as those described in Remington 5 Pharmaceutical Sciences. Mace 
Publishing Co., Philadelphia, PA IT*" Ed. (1985) and ''Modern Pharmaceutics. " 
Marcel Dekker, Inc. 3"* Ed. (G.S. Banker & C.T. Rhodes, Eds.). Pharmaceuticaily 
acceptable salts of the active agents (e.g., acid addition salts) may be prepared using 
standard procedures known to those skilled in the art of synthetic organic chemistry 

1 0 and described, e.g., by J. March, Advanced Organic Chemistry: Reactions, 
Mechanisms and Structure, 4*^ Ed. (New York: Wiley-Interscience, 1992). 

The compounds of Formula I may be administered by any of the accepted 
modes of adminisu^tion of agents having similar utilities, for example, by oral, 
topical, or by parenteral routes (e.g., intradermal, intravenous, subcutaneous, 

15 intramuscular), inira-articular, intraspinal, epidural , rectal, vaginal, or 

transdermal/transmucosal routes. The most suitable route will depend on the nature 
and severity of the condition being treated. Subcutaneous, intradermal and 
percutaneous injections (intended to deliver the agent in close proximity to a 
peripheral nerve trunk) are preferred routes for the compoimds of this invention. In 

20 making the compositions of this invention, the active ingredient is customarily diluted 
by an excipient. Some examples of suitable excipients include lactose, dexu-ose, 
sucrose, sorbitol, manniiol. starches, gum acacia, calcium phosphate, alginates, 
tragacanth, gelatin, calcium silicate, microcry stall ine cellulose. PEG, 
polyvinylpyrrolidone, cellulose, water, sterile saline, syrup, and methyl cellulose. The 

25 formulations can additionally include: lubricating agents such as talc, magnesium 
stearate. and mineral oil: wetting agents: emulsifying and suspending agents; 
preserving agents such as methyl- and propylhydroxy-benzoates: sweetening agents; 
and flavoring agents. The compositions of the invention can be formulated so as to 
provide quick, sustained or delayed release of the active ingredient after 

30 administration to the patient by employing procedures known in the art. 
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Alternatively, the compounds of this invention may be solubilized and 
encapsulated (e.g., in a liposome or a biodegradable polymer), or used in the form of 
microcrystals coated with an appropriate nontoxic lipid {see, e.g.. PJ.Kuzma et ai 
Regional Anesthesia 22 (6): 543-551 (1997). 
5 The compositions may be formulated to provide for drug iatentiation by the 

conversion of hydrophilic drugs into lipid-soluble drugs. Utentiation is generally 
achieved through blocking of the hydroxy, carbonyK sulfate, and primary amine 
groups present on the drug to render \hv drug more lipid soluble and amenable to 
transportation across tissue barriers. 

10 These compositions may be formulated as oral sprays. Compositions for 

inhalation or insufnaiion include solutions and suspensions in pharmaceutically 
acceptable, aqueous or organic solvents, or mixtures thereof, and powders. The liquid 
or solid compositions may contain suitable pharmaceutically acceptable excipients as 
descnoed supra. Compositions in preferably pharmaceutically acceptable solvents 

15 may be nebulized by use of inert gases. Nebulized solutions may be inhaled directly 
from the nebulizing device or the nebulizing device may be attached to a face mask 
tent, or intermittent positive pressure breathing machine. Solution, suspension, or 
powder compositions may be administered, preferably orally or nasally, from devices 
which deliver the formulation in an appropriate manner. 

20 For topical use. the compositions can be in the form of emulsions, creams, 

jelly, solutions, ointments containing, for example, up to 5% by weight of the acti\e 
compound. For parenteral administration, the compositions can be in the form of 
sterile injectable solutions and sterile packaged powders. Some examples of suitable 
excipients include lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum acacia. 

25 calcium phosphate, alginates, iragacanth. gelatin, calcium silicate, microcrystalline 
cellulose, polyvinylpyrrolidone, cellulose, water, saline, syrup, and methyl cellulose. 
The formulations can additionally include: lubricating agents such as talc, magnesium 
siearate, and mineral oil; welting agents; emulsifying and suspending agents; 
preserving agents such as methyl- and propylhydroxy-benzoaies; sweetening agents; 

30 and flavoring agents. 
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The compositions of the invention can be formulated so as to provide quick, 
sustained or delayed release of the active ingredient after administration to the patient 
by employing procedures known in the art. Controlled release drug delivery systems 
include osmotic pump systems and dissoiutional systems containing polymer-coated 
5 reservoirs or drug-polymer matrix formulations. Examples of controlled release 
systems are given in U.S. Patent Nos. 3,845,770 and 4^26,525 and in PJ.Kmma ei 
al. Regional Anesthesia 22 (6): 543-551 (1997), all of which are incorporated herein 
by reference . 

Another preferred formulation for use in the methods of the present invention 

10 employs transdermal delivery devices ("patches"). Such transdermal patches may be 
used to provide continuous or discontinuous infusion of the compounds of the present 
invention in controlled amounts. The construction and use of transdermal patches for 
the delivery of pharmaceutical agents is well known in the art. See, e.g., U.S. Patent 
Nos. 5,023,252; 5,719,197; and 4,992,445 , all of which are incorporated herein by 

1 5 reference. Such patches may be constructed for continuous, pulsatile, or on demand 
delivery of pharmaceutical agents. 

The compositions are preferably formulated in a unit dosage form. The term 
"unit dosage forms" refers to physically discrete imits suitable as unitary dosages for 
human subjects and other mammals, each unit containing a predetermined quantity of 

20 active material calculated to produce the desired therapeutic effect, in association with 
a suitable pharmaceutical excipient (e.g., an ampoule). 

The multibinding compounds of the present invention, or their 
pharmaceutically acceptable salts, are administered in a therapeutically effective 
amount. The duration of action and/or potency of such compounds will be increased 

25 by comparison with monobinding local anesthetics, thus dosage and dosing schedule 

must be adjusted accordingly. It will be understood, however, that the amount of the 
compound actually administered will be determined by a physician, in the light of the 
relevant circumstances, including the condition to be treated, the chosen route of 
administration, the actual compound administered and its relative activity, the age, 
30 weight, and response of the individual patient, the severity of the patient's symptoms, 
and the like. 
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The following fonnulalion examples illustrate representative pharmaceutical 
compositions of the present invention and should not be considered as limiting in any 
way the invention being disclosed- In particular, a vasconstrictor, preferably 
epinephrine, may be added to the following formulations in order to provide a 
5 preparation that has a longer duration of action. Additionally, addition of lidocaine to 
the formulations provides a preparation with an enhanced onset time of anesthesia. 



10 



15 



20 



Solution for Injection 



Ingredient 
Sodium Chloride 
Meihylparaben 
Compound of Formula I 
Water for injection 



Fomiulation Example 2 
Paste 



Ingrgdign^ 

Compound of Formula I 

Zinc oxide 

Starch 

Calamine 

White petrolatum 



0.9% (0.9 g/100 mL) 
I mg/mL 

0.5% (0.5 g/100 mL) 
to 1 00 mL 



Quantity 
I 

25 
25 

5 

to 100 



25 



30 



ingredient 

Compound of Formula 
White petrolatum 
White wax 



Formulation E?f>^mpk 3 
Ointment 



Qyiamitv (%) 

10 

to 100 

5 



-87- 



BNSOOCfD <WO 99515e5AlJ.> 



wo 99/51 565 PCT/US99/07263 

Formulation Example 4 
Cream 

Ingredient Q^ptity (%) 

Compound of Formula I 0.5 
5 Oleaginous phase 

Spermaceti 12.5 

White wax 12.0 

Almond oil 55.5 
Aqueous phase 

10 Sodium borate 0.5 

Stronger rose water 2.5 

Purified water 16.5 
Aromatic 

Rose oil 0.02 

15 

Fffrmul^^iQn Example ? 
Gel 

Ingredient Qtiffltity (%) 

Compound of Formula I 2 

20 .Methocel 90 H,C. 4000 0.8 

Carbopol 934 0.24 

Propylene glycol 1 6.7 

Methylparaben 0.015 

Purified water to 100 



25 



In order to further illustrate the present invention and advantages thereof, the 
following specific examples are given but are not meant to limit the scope of the 
claims in any way. 



30 EXAMPLES 

In the examples below, all temperatures are in degrees Celsius (unless 
otherwise indicated) and all percentages are weight percentages (also unless otherwise 
indicated). 

Numbered compounds referred to in the examples below (e.g. compound 85) 
35 correspond lo compounds of Fomiuia I shown in Table 2. 

Additionally, the following abbreviations have the following meanings. If an 
abbreviation is not defined, it has its generally accepted meaning. 



-88- 



BNSOOOO <WO_ 99&1565A1J.;. 



PCTAJS99/07263 

/er/-butyloxycarbonyl 
batrachotoxin 
carbobenzyloxy 
N,N-dicyclohexylcarbodiimide 
diisopropylethylamine, Hunig's base 
N,N-dimethylacetamide 
N,N-dimethylfonnamide 
dimethylsuifoxide 
diphenylphosphoryl azide 
6-(7-a2abenzotriazol-l-yl)-N,N,N'N'- 
tetramethyluronium hexafluorophosphate 
1 - hydroxy benzotriazole 
1 -hydroxy-7-azabenzotriazole 
pyridine benzotriazoI-1 -yloxy-tris(dimethyl- 
amino)phosphonium hexafluorophosphate 
triethylamine 
trifluoroacetic acid 
tetrahydrofuran 

20 

EXAMPLE 1 

Preparation of a linker of formula (2). where Z=(CH,)4 
1.4-Diaminobutane (34.0 mmol) was dissolved in 100 mL dichloromelhane 
under a nitrogen atmosphere. Di-lert-butyl dicarbonate (BocjO) (1 19.12 mmol) 
25 dissolved in 100 mL dichloromethane was added dropwise to the stirred solution and 
stirring was continued at room temperature until the reaction was complete (4 hours). 
The course of the reaction was followed by TLC (50% ethyl acetate and 50% 
hexanes). The reaction mixture was evaporated giving a precipitate that was collected 
by filtration. The precipitate was rinsed with ether to yield a white solid (9.02 grams: 
30 92'''o yield ) 

Lithium aluminum hydride (L.AH) (63.3 mmol) was dissolved in 200 mL 
tetrahydrofuran (THF) in an ice bath under nitrogen atmosphere. Di-Boc-proiected 
diamine (12.7 mmol ) was dissolved in 50 mLTHF and added dropwise to the 
LAH/THF solution. The reaction was stirred with cooling, then warmed to room 
35 temperature, placed in an oil bath and the temperature was raised by increments of 
1 0°C to 85°C over a 30 minute period. The mixture was stirred at reflux for 1 8 hours, 
then cooled to room temperature and placed in an ice bath. Sodium sulfate 
decahydrate was slowly added to quench the excess LAH. The solids were removed 
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BOC 
BTX 
Cbz 
DCC 
5 DIPEA 
DMA 
DMF 
DMSO 
DPPA 
10 HATU 

HBTU 
HOAT 
PyBOP 

15 

TEA 
TFA 
THF 
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by filtration and rinsing with THF. The filtrate was concentrated to a thick syrup and 
excess solvent removed under vacuum to yield N,N-dimethyldiaminobutane as a 
viscous oil (3-58 grams; 98% yield). The product was characterized by NMR 
(DMSO) and MS (calculated, M+H = 1 17.2; found, 1 17.3). 

5 

EXAMPLE 2 

2 A. Preparation of a compound of formula (5), where Ar^2,6-dimethylphenyl, 
R»=Et, R-=H 

2,6-Dimethylaniline (82,5 mmols) was dissolved in 100 mL dichloromethane 

10 under a nitrogen atmosphere, and cooled in an ice bath. DIPEA (247.6 mmols) was 
added to the solution, and 2-bromobutyric acid (165.0 mmols) in 100 mL CH^CK was 
added over one hour by dropping funnel. After the addition was complete, the 
solution was brought to room temperature and stirred for an additional hour. The 
reaction mixture was concentrated, and ether added to the residue. The ether was 

1 5 decanted, and the undissolved salts were rinsed with ether (x2). The combined ether 
solution was washed with 3 N NaOH (x 2) , 3 M HCl (x 2), saturated NaHCOj , 
saturated NaCl, and dried over MgS04. The crude product^ 2-bromo-A^-(2,6-dimelhyl- 
phenyl )-bulyramide, was concentrated and dried, and used without further purification 
in subsequent coupling steps. The product was characterized by NMR (DMSO). 

20 Other compounds of formula (5) were prepared in a similar manner. 

2B. 1 he preparation of a compound of formula (5), where Ar= 4-[-C(0)-OCH3]-2.6- 
dimethylphenyl was carried out as described in Example 2A with the modification 
that 2.6-dimethylaniline was replaced with l-amino-4-[-C(0)-OCH3]-2,6- 
dimethylbenzene. This ester was prepared by refluxing 1 equivalent (10 g) of 1- 

25 amino-2.6-dimethylbenzoic acid with 1 .2 equivalents of sulfuric acid in 200 mL 
MeOH overnight. Alternatively, 1 equivalent of 1 -nitro-2,6-dimethylbenzoic acid 
was refluxed overnight with 0.2 equivalents of sulfuric acid in 200 mL MeOH . The 
reaction was then concentrated, dissolved in ether, washed with saturated NaCL dried 
over MgSO^. filtered, and concentrated under vacuum to yield 4-[C(0)-OCH3]-2.6- 

30 dimethylbenzene. Characterized by NMR. 
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Similarly, other benzoic acid esters of compounds of formula (5) were 
prepared. 

EXAMPLE 3 

5 Preparation of a compound of formula (12), where Ar=^-nitrophenyl, m=2 

Under a nitrogen atmosphere, bromoethanol (29 mmols) was dissolved in 25 
mL ether. Pyridine (34 mmols) was added to the solution, followed by a solution of 
4-nitrobenzoyl chloride (27 mmols) in 35 mL ether. The reaction was stirred 
overnight, and a white precipitate was formed. Ether (50 mL) was added, and the 
1 0 reaction mixture was then washed with aqueous KHSO4, aqueous NaHCO^, and water. 
The ether layer was then dried over Na^SOj, filtered, and concentrated to give 6.3 g of 
4-nitrobenzoic acid 2-bromo-cthyl ester Material was used in coupling reactions 
without further purification. 

15 EXAMPLE 4 

Preparation of a compound of formula (16), 
where Ar =2.6-dimethyU4-octyloxy-phenyl, and R*=R-=H 

1 . Compound of formula ( 1 3) 

20 Under a nitrogen atmosphere, 3.5-dimethylphenol (40.9 mmoles) was 

dissolved in 40 mL water and 40 mL ether. To this was added 1 .5 equivalents (61.4 
mmoles) of sodium nitrate (NaNOj). The reaction was cooled in an ice bath and 50 
mL concentrated HCl was slowly added to the reaction. The reaction was warmed to 
room temperature and followed by TLC (ethyl acetaterhexanes, 1:1) until the reaction 

25 was complete (0.5 hour). The reaction was extracted into ether (x3), washed with 
saturated NaHCO saturated NaCL dried over MgSOj, filtered, rinsed with ether, and 
concentrated. The product was purified using silica-gel chromatography, yielding 
3.5-dimethyl-4-nitro-phenol as a yellow solid(2-05 grams: 30% yield). The product 
was characterized by NMR (DMSO). 

30 

2. Compound of formula (14) 
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Under a nitrogen atmosphere, 3,5-dimethyl-4.nitro-phenol (8.38 mmoles) was 
dissolved in 20 mL dimethyiformamide (DMF). To this was added potassium 
carbonate (41.92 mmols) and 1-bromoociane (8.38 mmols). The reaction was stirred 
for 12 hours. The reaction mixture was partitioned between [ethyl acetaterhexanes, 
5 1 : 1 ] and water, and the organic layer was washed with water {x3), brine, dried over 
MgSO,, and concentrated. The yield of 2,6-dimethyM-(octyloxy)-nitrobenzene 
product as a yellow oil was 2.2 grams (94%). The product was characterized by NMR 
(DMSO). 

10 3. Compound of formula (15) 

Under a nitrogen atmosphere in a Parr bottle. 2,6-dimethyl-4-(octyloxy)- 
niirobenzene (7.89 mmoles) was dissolved in methanol (100 mL). To this was added 
0.5 grams of 10% Pd/C. and shaken under a hydrogen atmosphere (30 PSI) for 18 
hours The catalyst was filtered off over Millipore filter paper, and rinsed with 

1 5 methanol. The filtrate was concentrated to yield 2.6-dimethyl-4-(octyloxy)-aniline as 
a thick oil (1 .8 grams: 9 1 %). The product was characterized by NMR (DMSO). 

4. Compound of formula (16) 

Under a nitrogen atmosphere. 2,6-dimethyl-4-(octyloxy)-aniline (7.2 mmols) 

20 was dissolved in 50 mL dichloromethane. To this was added DIPEA (9.4 mmols). 
The reaction mixture was cooled in an ice bath, and chloroacetyl chloride (7.95 
mmoles) dissolved in 50 mL dichloromethane was added by dropping funnel. After 
the addition was complete, the reaction was stirred at room until reaction was 
complete by TLC (approximately 0.5 hours). The reaction mixture was concentrated, 

25 and partitioned between ethyl acetate and water. The organic layer was washed with 
saturated NaHCO, (x2). brine, dried over MgSO^. and filtered (rinsing with ethyl 
acetate). The filtrate was concentrated to yield 2-chloro-N-(2,6-dimethyl-4- 
octyloxyphenyD-acetamide as a white solid (1.21 grams; 51%). The product was 
characterized by NMR (DMSO). 
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EXAMPLES 5-12 

(Compounds of Formula I. where X is a compound of Formula II) 

EXAMPLE 5 

5 5A. Preparation of a compound of Formula la according to Scheme E, where (Ar- 
W)'= (Ar-W)- =2.6-dimethylphenyl-NH-C(0)-CH2-, R^=R'=Me, Z={CH,), 
(i.e., compound 9, Table 2) 

1 . Prepcraiion of 2-chloro-N-{2\6'-dimethylphenyl)acetamide (i.e.. N-aryl-2- 
chloroacetamide) 

10 Under nitrogen atmosphere, one equivalent of an appropriately substituted 

aniline (7.2 mmoles) was dissolved in 50 mL dichloromethane. To this was added 1.3 
equivalents of DIPEA (9.4 mmoles). The reaction mixture was cooled in an ice bath. 
Chloroaceiyl chloride (7.95 mmoles) dissolved in 50 mL dichloromethane was added 
dropwise to the reaction mixture. The reaction was stirred at room temperature until 

1 5 reaction was complete (approximately 0.5 hours). The course of the reaction was 
followed by TLC (50% ethyl acetate and 50% hexanes). The reaction mixture was 
evaporated to a syrup, and was then partitioned between EtOAc and water. The 
organic layer was washed with saturated NaHCOj (2 times), saturated NaCl, then 
dried with MgSOj. filtered and rinsed with EtOAc. After removal of excess solvent, 

20 2-chloro-N-(2'.6'-dimethylphenyl)acetamide was obtained as a white solid (51% 
yield). 

2. Preparation of a compound of Formula la (i.e., compound 9, Table 2) 
Under nitrogen atmosphere. .V.A'-dimeihyl-1.4-diaminobutane (1.95 mmoles). 1.9 

25 equivalents of 2-chloro-N-(2'.6'-dimethyiphenyl)aceiamide (3.71 mmoles) and 2.5 

equivalents of diisopropyleihyiaminc (DIPEA) (4.89 mmoles) were dissolved in 4 mL 
ethanol. This was refluxed at 85 degrees C and followed by TLC (ethyl 
acetate ;hexanes. 1:1) until the reaction was complete (12 hours). The reaction was 
cooled to room temperature, inducing crystallization of the product. The product was 

30 filtered, rinsed with ether, and dried on a vacuum line to yield the compound of 

Formula la (i.e.. compound 9. Table 2) as a while solid (0.88 grams (83% yield). The 
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product was characterized by NMR (DMSO). Mass spectrometry was taken in 
methanol. 

SB. In a similar manner, by using different linkers of Formula 11 and/or 
5 compounds of formula (5), the following compounds of Formula la were prepared 
(Table 2): 

1,3,4, 5, 6, 12, 13, 14, 17, 18, 19,42,43,44,45,46, 
47. 48, 49, 50,51,52,53,54. 117, 119. 

1 0 SC. Compounds of Formula 1 of higher-order valency were prepared as described 
in Example 5 A using the appropriate molar quantities of multifunctional amine 
linkers of Formula 11 and N-aryl-2-chloroacetamide. 

EXAMPLE 6 

1 5 Preparation of an intermediate compound of formula (23), Scheme F, 

where Ar=2.6-dimethylphenyl, R»=R-=H, R^=Et 

Under a nitrogen atmosphere, methylamine (600 mmols) in 300 mL THF was 
cooled to 0** C. A solution of 2-chloro-N-{2',6'-dimethylphenyl)acetamide 

20 ( 1 OOmmols) was dissolved in 200 mL THF. and slowly dripped into the cold 

methylamine solution. The reaction was stirred overnight. The reaction was filtered, 
and the filtrate evaporated to yield an oily residue. This was dissolved in EtOAc (100 
mL) and treated with IN HCI (200 mL). The aqueous layer was washed with EtOAc, 
then basified to Ph 10-12 wiih 6 N NaOH. The product was extracted into EtOAc (2 

25 X 50 mL), the organic phase was dried, and the solvent was evaporated to yield A^- 
(2.6-dimethyl-phenyl)-2-methylamino-acciamide (compound (23)) as an oil (12.8 gm; 
67% yield). 

EXAMPLE 7 

30 7A. Preparation of a compound of Formula la according to Scheme G. where (Ar- 
W)'= (Ar-W)- =2.6-dimethylphenyl-NH-C(0)-CH(CH,CH3)-, R^=R*'=H, 
Z=(CH.), (i.e., compound 16. Table 2) 
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Under a nitrogen atmosphere, L4-diaminobutane (1 1 .34 nnmols). 2-bromo-A'- 
(2,6-dimeihyl-phenyl)-butyramide (22.69 mmols), and DIPEA (28.36 nnmols) were 
dissolved in EtOH (5 mL). The reaction was healed at reflux for 24 hours, then 
concentrated and chromalographed on a silica gel column to yield a compound of 
5 formula (26) (compound 16, Table 2). 

7B. In a similar manner, by varying the linker chain length, compounds 1 5 and 20 
(Table 2) were prepared. 

7C. Compounds of formula (26) , where R^=R^H, and Z is a C.-C.o alkylene 
chain were prepared by substituting in the above reaction 2-bromo-A^-(2,6-dimethyl- 
1 0 phenyl>aceiamide for 2-bromo-7V-(2,6-dimethy l-phenyl)-butyramide, and using 
linkers of formula (1), where Z is C-C,o alkylene. 

7D. Compounds of Formula I of higher-order valency were prepared as described 
in 7A> by increasing the molar equivalents of the ligand. 

15 EXAMPLES 

8A. Preparation of a compound of Formula la according to Scheme G, where (Ar- 
W)'=(Ar-\V)-=2.6.dimeihylphenyl-NH-C(0)-CH(CH,CH3)-, R'=R'*=n-propyl, 
Z=(CH.)4 (i.e.. compound 33. Table 2). 

Under a nitrogen atmosphere, 1 .25 mmols of the compound of formula (26). 

20 prepared as described in the previous example, and bromopropane (2.5 mmols) were 
dissolved in 1 mL EtOH in a sealed tube. DIPEA (2.75 mmols) was added, and the 
reaction refluxed for 12 hours. The reaction was concentrated, and the crude product 
purified by silica-gcl chromatography (MeOH/CH>CU). After concentration of the 
product-containing fractions, the product was dissolved in MeOH (2 mL) and 4 N 

25 HCI was added until the pH was between 1 and 2. The solution was stirred for 20 
minutes, and then pipetted into ether (300 mL) to precipitate the product as its 
dihydrochloride salt. This was filtered and dried, yielding the product (i.e., compound 
33. Table 2) in 81% yield. 

8B. In a similar manner, by varying R^ in compound (27), the following 

30 compounds were prepared (Table 2); 22, 23. 26, 32, 33, 34, 35, 36, 37 
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EXAMPLE 9 

Preparation of compounds of Formula la according to Scheme G, 
where (Ar-U0'=(Ar-W)^=2,6 dimethylphenyl-NH-C(0)-CHr- 
R^=R'*=alkyl, substituted alkyL alkoxy, benzyl, and Z is C.-C,o alkylene 

3 

Starting with compounds of formula (26) prepared as in Example 7C above, 
and varying in compound (27) the following compounds were prepared (Table 2): 
2. 7, 8. 1 0 J 2, 2 1 , 24, 25, 27, 28, 29, 30, 3 1 

EXAMPLE 10 

1 0 1 OA. Preparation of a compound of Formula la, according to Scheme H, where (Ar- 
W)'=( Ar-W)- = 2,6-dimethylphenyl-NHC^O)-CR»R^ where R' is H and R= forms a 
piperidinyl group together with R^ and R** of the linker, and Z=(CH2),o (i.e.. 
compound 1 1 . Table 2) 

S^ep 1 : Under a nitrogen atmosphere, 77.4 mmoles of DL-pipecolinic acid 

1 5 (i.e., piperidine -2- carboxylic acid) was dissolved in 80 mL 3 N aqueous NaOH, and 
cooled in an ice bath. Benzyl chloroformate (92.3 mmoles) and 25 mL 3 N NaOH 
were added in alternating aliquots over 1 hour, and the reaction mixture was then 
stirred at room temf>erature for 12 hours. When the reaction was complete, the N- 
protecied carboxylic acid (abbreviated herein as Cbz-DL-pipecolinic acid) was 

20 extracted with ether (x3). The basic layer was acidified with 6 N HCl and extracted 
with ether {x3 ). The combined ether layers were rinsed with I N HCl, saturated NaCL 
then dried over MgS04, filtered (rinsing with ether) and concentrated. The yield of 
the desired product as a while solid was 19.65 grams (96% yield). The product was 
characterized by NMR (DMSO). 

25 Step 2 : Under nitrogen atmosphere. Cbz-DL-pipecolinic acid (9.1 mmols) 

was dissolved in DMF (10 mL). DIPEA (12.4 mmols), HATU (10.7 mmols) and 

HOAT (0.82 mmols) were added, and the reaction was stirred at room temperature for 
1 hour. 2.6-dimeihylaniline (8.25 mmoles) was added, and the reaction was stirred for 
1 8 hours. The reaction mixture was then partitioned between water and ElOAc. The 
30 organic layer was washed with 1 N NaOH, 2 N HCl, saturated NaCl, then dried over 
MgSOj, filtered (washing with EtOAc), and concentrated. The desired amide product 
[Cbz-piperidine-2-carboxylic acid (2.6-dimeihyl-phenyl)-amide] was afforded as a 
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white solid (3.0 grams. 99% yield). The product was characterized by NMR 
(DMSO). 

Step 3 : Under nitrogen atmosphere in a Parr bottle, 8.2 mmoles of [Cbz- 
piperidine-2-carboxylic acid (2,6-dimediyl-phenyl)-amide] was dissolved in MeOH 
5 ( 1 00 mL). 1 0% Pd/C (0.5 g) was added, and the bottle was agitated under a hydrogen 
atmosphere (20 psi) for 30 minutes. The catalyst was filtered off using Millipore filter 
paper (washing with MeOH). The filtrate was concentrated to a thick syrup, yielding 
1.75 grams (92% yield) of {piperidine-2-carboxylic acid (2,6-dimethyl-phenyl)- 
amide] as an off-white solid. The product was characterized by NMR (DMSO). 

1 0 Step 4: Under a nitrogen atmosphere, 1 , 1 0-dibromodecane (0.22 mmoles), 

[piperidine-2-carboxylic acid (2,6-dimethyl-phenyl)-amide] (0.43 mmoles), and 
DIPEA (0.57 mmoles) were dissolved in 2 mL ethanol, and stirred at 80°C for 12 
hours. The reaction mixture was separated by reverse- phase preparative HPLC, 
eluting with a gradient of 1 5-90% acetonitrile in water over 90 minutes. The desired 

1 5 peak was pooled, frozen, lyophilized, and collected as a white powder (the TFA salt). 
The product was dissolved in 0.1 N HCl and lyophilized to exchange to the HCl salt. 
The compound of Formula la (compound 1 1, Table 2) was obtained as a vrfiiie solid 
(0.083 grams: 61% yield). The product was characterized by NMR (DMSO). 
lOB. In a similar manner, substituting 1.3-dibromopropane and U6-dibromohexane 

20 for 1 , 1 0-dibromodecane in Example IDA. compounds 38 and 40 (Table 2) were 
prepared. 

IOC. The procedure of Example IDA was used with the following modification for 
preparing compounds 39 and 4 1 (Table 2). 1 .3-dibromopropane was replaced 
with Br-CH.-CH=CH-CH.-Br (yielding compound 41, Table 2). Compound 39 was 
25 prepared by catalytic hydrogenaiion of compound 4 1 . 
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EXAMPLE 11 

Preparation of a compound of Formula la, according to Scheme I, 
where (Ar-W)'={Ar -W)^ =4-buiylamino-phenyl-C(0>, R^=R^= H, 
Z=(CH,),-0-(CH.VO-(CH3)rO (CH2)3- (i.e., compound 67, Table 2) 

5 

Under a nitrogen atmosphere, 4,7,10-trioxa-l,13-tridecanediamine (227 
mmols), HATU (6.81mmols), HOAt (0.22 mmols), and DIPEA (7.94 mmols) were 
added to 20 mL DMF and stirred for 20 minutes at room temperature. 4-(butylamino) 
benzoic acid (5.67 mmols) was added, and the reaction was stirred overnight. The 
10 product (compound 67, Table 2) was purified by reverse-phase preparative HPLC and 
characterized by NMR (DMSO). 

EXAMPLE 12 

12A. Preparation of a compound of Formula la, according to Scheme J. where (Ar- 

1 5 W)'=( Ar-W)- -4-(C(0)-NH-(CH:)rN(CH,CH3),)-phenyl- , R^=R^= H, ZHCH.)^ 
(i.ccompound 60, Table 2) 

Step 1 : Under a nitrogen atmosphere, 4-aminoben2oic acid (52.7 mmols), 
benzyl bromide (67.3 mmols). benzyllriethylammonium chloride (80 mmols) and 
K;,CO;, (144.7 mmols) were dissolved in acetonitrile. The reaction mixture was heated 

20 at 90 '^C for 6 hours, cooled to room temperature, and filtered. The filtrate was 

concentrated, dissolved in CHXl.: MeOH. 9:1 v/v (100 mL), and stirred with 30g MB 
amberlite for one-half hour. The residue was filtered off. and the filtrate concentrated. 
The crude product was purified by silica-gel chromatography (ethyl acetate/hexanes) 
lo give 5.66g (47% yield) of the desired product, 4-amino-benzoic acid benzyl ester. 

25 The product was characterized by NMR (CDCI3) and MS (found, M+H = 228). 

Step 2 : Under a nitrogen atmosphere. 4-amino-benzoic acid benzyl ester (25 
mmols) was dissolved in ether (400 mL). The mixture was cooled to 0 °C and 
trifluoroacetic anhydride (92 mmols) was added. The reaction mixture was stirred at 
0 °C for 3 hours, concentrated to dryness, the residue was dissolved in ether, washed 

30 with 1 0% NaHCOj solution, then brine. The organic phase was dried over MgS04, 
filtered, and concentrated to dryness to give 4-(2,2,2-trifluoro-acetylamino)-benzoic 
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acid benzyl ester (8.2g, 100%yield ) as a white solid. The product was characterized 
by NMR (CDCI3) and MS (found. M+H = 323). 

Step 3 : Under a nitrogen atmosphere, 4-(2,2.2-trifluoro-acetylamino>-benzoic 
acid benzyl ester (9.6 mmols), 1 ,6-diiodohexane (5 mraols), benzyltriethyl ammonium 
5 chloride (1.1 mmols) and KXOj (21.7 mmols) were dissolved in CH3CN (150 mL). 
The reaction mixture was stirred under reflux for 48 hours, cooled, and filtered. The 
filtrate was concentrated to dryness, and purified by silica-gel chromatrography (ethyl 
acetate/hexanes) to yield 1 .3 g (3"%yield) of the desired product (a compound of 
formula (48), where Ar= phenyl and Z = (CHj)^). The product was characterized by 

10 NMR (CDClj) and MS (found, MH* = 725). MS (found, MNa' = 747). 

Step 4: A solution of the above-referenced compound of formula (48) (1 .6 
mmols) in THF (200 mL) wa^ stirred under H. atmosphere in the presence of 10% 
Pd/C (450 mg) for 12 hrs. When the reaction was complete, the catalyst was filtered 
off. and the filtrate was concentrated to give 1.01 g of the crude deprotected product 

15 (i.e., a compound of formula (49), where Ar = phenyl and Z = (CH,)^)) as a white 
solid. 

Step 5 : Under a nitrogen atmosphere, the above-referenced compound of 
formula (49) ( 1 .45 mmols), was dissolved in THF (80 mL). HATU (3 mmols). 
HO AT (36 mmols). diethyiaminopropylamine (50) (3.55 mmols). and DIPEA (3.04 

20 mmols) were added. The reaction mixture was stirred at room temperature for 3 days, 
then concentrated to dryness. The crude product was purified by silica-gel 
chromatography (methylene chloride/methanol/ammonia) to give 450 mg (100% 
yield) of the desired product (i.e.. a compound of formula (51). where R'° = 
diethylaminopropyl. Ap=phenyl. and Z = (CH,)J. The product was characterized by 

25 NMR (CD3OD) and MS < found, M+H = 745). MS (found, MNa" = 767). 

Step 6 : Under a nitrogen atmosphere, the above-referenced compound of 
formula (51) (450 mg) was dissolved in a solution of 2N NH3 in MeOH (40 mL). 
After addition of 25% aqueous NH, ammonia solution (8 mL), the mixture was heated 
to 62 T overnight. When the reaction was complete as judged by TLC, the reaction 

30 mixture was cooled to room temperature, and a white precipitate was formed. The 
precipitate was collected, washed with H.O, and dried under vacuum to give 230 mg 
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of the compound of Formula la (i.e., compound 60, Table 2 ), which was exchanged 
to the HCI salt. 

The product was characterized by NMR (CD3OD) and MS (found, M+H = 
553). MS (found, MNa* = 575). 

12B. In a similar manner, by varying the alkylene chain length of the linker from 
C^-C,,, the following compounds were prepared (Table 2): 59, 60, 61, 62, 63, 64, 65, 
66. 

I2C. Compound 125 (Table 2) was prepared as in Example 12B with the following 
modification. In the final step of the procedure, deprotection was carried out with 2N 
MeNH/THF rather than with 25% aqueous ammonia. 

EXAMPLES 13-19 

(Compounds of Formula I, where X is a compound of Formula III) 



EXAMPLE 13 

13A. Preparation of a compound of Formula lb, according to Scheme K, where ( Ar- 
W)'=(Ar-W)- =2,6-dimethylphenyl-NH-C(0)-CH(CH,CH3)., Y*=Y**=covalent bond, 
Z=U4,10J3-tetraoxa-7,I6-diaza-cyclooctadecane (i.e., compound 85,Table 2) 

Under nitrogen atmosphere, K4,10,13-teiraoxa-7,16-diaza-cycl9octadecane 
(53.36 mmols), 2-bromo-yV.(2,6-dimethyl-phenyl)-butyramide (133.41 mmols), and 
DIPEA (1 17.40 mmols) were dissolved in 20 mL ethanoL The reaction was refluxed 
for 6 days, then cooled and the solvent removed in vacuo. The reaction mixture was 
partitioned between IN HCI (300 mL) and ethyl acetate. The acidic layer was 
extracted with ethyl acetate (x4), then basified with 6 N NaOH (100 mL) and 
extracted with ethyl acetate (x3). The combined organic extracts were washed with 
10% Na^S.O^ (x 2), brine, and dried over MgS04, decolorized with charcoal, 
filtered.and concenU^ted. The crude product (26 g) was purified using silica-gel 
chromatography (MeOH/CH.Cl.) and exchanged to the HCI salt to give a compound 



-100- 



wo 99/51565 



PCT/US99/07263 



of Fonnula lb (i.e.. compound 85, Table 2) P3%yield). Characterized by NMR 
(DMSO). 

13B. In a similar manner, by using different Z groups in linkers of Formula III 
and/or different compounds of formula (5), the following compounds were prepared 
5 (Table 2): 

75. 76, 77. 78. 79, 80. 81, 82, 83, 84, 86. 87, 88, 89, 94, 95, 104, 105, 106, 107, 151. 

13C. Trivaienl compounds of Formula lb were prepared as described in Example 
133 using increased molar quantities of compounds of formula (5). 
13D. Substituting other compounds of formula (16) (prepared as described in 
10 Scheme D of Figure 6) for compounds of formula (5) in Example 13B, and other 
compounds of formula (3), the following compounds were prepared (Table 2): 
155.156.157.158.161.163,164. 



It should be understood thai the compounds of this invention include the R,R-, 
15 R,S- (mesoh and S.S- isomers. Of course, it is also understood that the activity of a 
mixture of isomers may vary depending on the activities and proportions of each 
isomer in the mixture. It is well within the skill in the art to test different isomers and 
combinations thereof to determine which is more active for any particular intended 
use 

20 

EXAMPLE 14 

Preparation of a compound of Formula lb. according to Scheme K. 
where ( Ar-W)'=( Ar-W)- =2.6-dimelhylphenyl-0-C(0)-CH2-. Y'=Y'»=covalent bond. 
Z= 1 .4, 1 0. 1 3-ietraoxa-7. 1 6-diaza-cycloociadecane (compound 1 02, Table 2) 

25 

The procedure of hxample 13A above was modified as follows to prepare 
compound 102 (Table 2). 2-Bromo-N-(2-6-dimeihyI-phenyl)butyramide was 
replaced with bromo-acetic acid 2.6-dimcthyUphenyl ester. 
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EXAMPLE IS 

ISA. Preparation of a compound of Formula lb, according to Scheme K, where (Ar- 
W)'= { Ar-W)- =4-aminophenyl-C(0)-0-(CH,),-, V^Y^valent bond, and 
Z= 1 ,4, 1 0 J 3-tetraoxa-7, 1 6-dia2a-cyclooctadecane (i.e., compound 1 00, Table 2) 

5 

The crude product of Example 4, 4-nitro-benzoic acid 2-bromo-ethyl ester (19 
mmols) and l,4,10,13-tetraoxa-7,16-diaza-cyclooctadecane (7.6 mmols) were 
dissolved in 30 mL THF and stirred ur.der nitrogen at reflux for 60 hours. The 
reaction mixture was concentrated, and the residue was partitioned between CH2CI2 
10 and water. The organic phase was washed with aqueous ICHSO4 solution, aqueous 
NaHCOj solution. H.O, then dried over Na^SOj, filtered, and concentrated to give 2.6 
g of a crude orange oil. The product was purified by silica-gel chromatography 
(acetone/hexanes) to give 1 .2 g (24% yield) of the desired product (compound 101 , 
Table 2). 

1 5 Under a nitrogen atmosphere, compound 101 (300 mg) and 50 mg of 1 0 % 

Pd/C were dissolved in 5 mL THF. The reaction was stirred under a H; atmosphere 
overnight. The susf)ension was then filtered through Celite under N3, and the solvent 
evaporated to leave 258 mg of an oiL which crystallized into a colorless solid (95% 
yield). MS (M+H= 589). The product (compound 100. Table 2) was exchanged to 

20 the HCI salt and characterized by NMR (DMSO). 

15B. In a similar manner, by substituting 2-chloro-4-niiro-benzoic acfd 2-bromo- 
ethyl ester for 4-nitro-benzoic acid 2-bromo-elhyl ester in Example ISA, compound 
1 03 (Table 2 ) was prepared. 

25 EXAMPLE 16 

Preparation of a compound of Formula lb. according to Scheme 
where (Ar.W)'=(Ar-W)- =2.6-dimelhylphenyl-NHC(0)-CH3-, 
Y^Y^= -C(0)-CHrN(CH3K 
30 Z-^l.4,10J3-ietraoxa-7.16-diaza-cyclooctadecane (i.e.. compound 90. Table 2) 

Step 1: Under nitrogen atmosphere. 1.4,10.13-ietraoxa-7.I6-diaza- 
cyclooctadecane f2.0mmol) was dissolved in 5 mL of dichloromethane. The solution 
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was cooled to 0 C and DIPEA (4.4mmon was added followed by addition of 
chloroacetyl chloride (4.4mmol). The reaction was allowed to warm up to room 
temperature with stirring overnight. The solvent was evaporated under reduced 
pressure and the residue taken up in EtOAc. The organic solution was washed 
5 successively with 0. IN HCL saturated NaHCOj sob. and brine, followed by drying 
over Na.SO^. filtration and evaporation to yield 850 mg of a light yellow oil, taken on 
as is to the next step. Characterized by MS in dichloromethane. 
Step 2: Under a nitrogen atmosphere, the bis-chloroacetyl derivative of 1,4,10,13- 
teu-aoxa-7,16-dia2a-cyclooctadecane (1.0 mmols), A^-(2.6-dimethyl-phenyl)-2- 

1 0 methy lamino-acetamide (2.5 mmols) (prepared according to Example 5 above), and 
DIPEA (2.5 mmols) were dissolved in EtOH. The reaction was refluxed for 60 hours, 
then concentrated. The residue was dissolved in EtOAc. and washed with NaHCO: 
solution. The organic phase was dried, filtered, and evaporated to give 670 mg of 
crude product. The product (compound 90, Table 2) was purified by silica-gel 

15 chromatography (MeOH/CH.CU) to give 120 mg (16.5%) of the free base and 
characterized by NMR (DMSO) and by MS (M+H=728). 

EXAMPLE 17 

1 7 A. Preparation of a stereoisomeric form of a compound of Formula lb. according 
20 to Scheme M. where ( Ar-W)'= (Ar-W)-= 2.6 dimethylphenyl-NH- 

C(0)CH(CH:CH,;)- (S) isomer, Y^Y'*=covaient bond. 2=1.4.10.1 3-tetraoxa- 
7.16-diaza-cyclooctadecane (i.e., compound 149. Table 2) 
Step I : Under a nitrogen atmosphere. 16.72 mmol Cbz-(U-2-aminobutyric 
acid was dissolved in 45 mL DMF. and 19.7 mmol HATU. 1.52 mmol HOAt. 22.8 
25 mmol DIPEA were added. The reaction was stirred for one hour, then 15.2 mmol of 
2.6-dimethylaniline was added. The reaction mixture was stirred at room temperature 
for 48 hours. The product was precipitated from brine/ice/ether, and dried to afford 
7.56 g of the crude product as a white solid. The product, (L)-2-Cbz-amino-;V-(2.6- 
dimethyl-phenyll-butyramide, was characterized by NMR (DMSO) and MS 
30 (calculated, 340: found. M-+-H 341). 
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Step 2 : Under a nitrogen atmosphere in a Parr bottle, 7.561 g of (L)-2-Cbz- 
aniino-jV-(2,6-dimethyl-phenyl)-buiyramide was dissolved in ethanol (30 mL) with Ig 
1 0% Pd/C. The reaction was monitored using mass spectroscopy. After eight hours, 
the catalyst was filtered off on Celite. and the filtrate was concentrated to afford 3.068 
5 g (98% yield for last 2 steps) as a white solid. The deprotected product was 
characterized by NMR (DMSO) and MS (calculated, 206; found, M+H 207). 

Step 3 : Under a niu-ogen atmosphere, a solution of 7.38 nunols 
l-CH,(CH,OCH2)2CH,-I and 36.9 mmo's NaXO^ in 1 0 mL EtOH was prepared. 7.38 
mmols of 2-Amino-//-(2,6-dimethyl-phenyl)-acetamide was added, and the reaction 

1 0 mixture was heated at 75 °C for 4 days. The reaction was cooled, filtered, and the 
filtrate was concentrated. The crude product was purified by silica-gel 
chromatography (MeOH/CH^CK) to yield 360 mg (9.2%yield) of compound 149 
(Table 2) (i.e., the S.S- enantiomer of compound 85). The product was characterized 
by NMR (DMSO) and MS. MS (calculated, 640; found, M+H 642). 

1 5 17B. In a similar manner, compound 1 3 1 in Table 2 (i.e., the R.R- enantiomer of 
compound 85) was prepared. 

The following alternative procedure may be substituted for Step 3 above to 
obtain higher yields of either the S,S- or R,R- enantiomer of compound 85 in a 
shorter period of time. To the solution of the amide of (L)-2-aminobutyric acid (4.43g. 

20 21.5 mmol) in ethanol (21 mL), DIPEA (3.74 mL, 21.5 mmol) and 1.2-bis-(2- 
iodoethoxy lethane ( 1 .96 mL. 10.8 mmol) were added. The reaction mixture was 
heated at reflux for 24 h. allowed to cool and concentrated to afford a yellow oil. The 
crude product was purified by chromatography on silica (10:90 
methanol:dich]oromethane) to obtain the linear dimer, 

25 as a white solid ( L42g. 25% yield). 

To the solution of the linear dimer ( 1 .20 g, 2.3 mmol) in DMF (2 mL), sodium 
carbonate (1.58g, 15.0 mmol) and 1.2-bis-(2-iodoethoxy)ethane (0.492 mL, 2.7mmol) 
were added. The reaction mixture was heated at 1 10°C for 24 h, then allowed to cool. 
The solution containing the desired product was suspended in IN HCl and pH was 

30 lowered to 2. The aqueous layer was washed with ethyl acetate, basified with 6N 
NaOH. and the product was extracted into ethyl acetate. The organic layer was dried 
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over MgSO, and concentrated to afford the cnide product as a yellow oil which was 
purified by chromatography on silica (10:90 methanol :dichloromelhane) to afford 
compound 149 as a white solid (360mg, 24% yield). 

17C. The meso form of compound 85 (i.e., compound 150 in Table 2) was prepared 
5 by double recrystallizaiion of the bisHCl salt of compound 85 from water (> 90% 
pure). Alternatively, this compound can be prepared by silica gel chromatography of 
the racemic mixture of compound 85. 

EXAMPLE 18 

1 0 Chiral Separation of the R.R and S.S pairs of compound 85 (Table 2) 

One set of enantiomers of compound 85 were separated via a chiral column as 
follows: 

Chiral columns (CHIRALPAK AD, Daicel Chemical Industries. Ltd.) were 
obtained from Chiral Technologies Inc.[Exton PA]. Semi-Preparative Column: 
15 Size=2cm LD. x 25cm: Flow Rate=9.0 mL /min; Cat. No. 19045. Analytical Column: 
Size=0.46cm LD. X 25cm: Flow Rate=I.OmL/min; Cat. No. 19025. 

Both columns were run using hexane/ethanol/methanol=90/8/2 as mobile 
phase (temperature=20°C). All solvents were HPLC grade. Hexane and methanol 
(Burdick and Jackson Brand) were obtained from VWR. Ethanol (OmniSolv AlcohoK 
20 Reagent) was from EM Science. 

The sample was dissolved in mobile phase and applied to the Semi -Preparative 
Column by manual injection. The HPLC eluent was monitored at 220nm, and the 
desired peaks collected and dried. 

The enantiomers were sufficiently resolved to give 98-99% purity for each, as 
25 determined using the Analytical Column. 

Similarly, chiral separation of enantiomers of other compounds of Formula 1 
can be separated by empirically choosing chiral columns and using solvent systems of 
appropriate polarity for the compounds to be separated. 

As well, chiral separations can be effected by selective crystallization with an 
30 enaniiomerically pure salt. 
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EXAMPLE 19 

19A. Preparation of a Compound of Formula lb. according to Scheme 1-2, where 
(Ar-W)'= (Ar-W)- = 4-aminophenyl-C(0)-0-(CH,),-. Y*=Y*=a covalent bond, and Z 

5 -N(CHj)- (i.e.. compound 108, Table 2). 

The first step in the synthesis was a modification of the procedure described 
above in Example 1 1. In that procedure, N-methyldiethanolamine is substituted for 
4,7,10-trioxa-1.13-tridecanediamine and n-nitrobenzoyl bromide is substituted for 4- 
(butylamino)benzoic acid. 
1 0 The second step in the synthesis was the reduction of the nitro group by 

catalytic hydrogenation. as previously described in Example 15, to yield compound 
108 (Table 2). 

I9B. Similarly, a trivalent compound of Formula 1 was prepared by substituting 
triethanolamine for N-methyldiethanolamine in Example 19B. 



15 



EXAMPLE 20 



20A. Preparation of a compound of Formula Ic, according to Scheme N, where ( Ar- 

V^i=( Ar-W)- =2.6-dimethylphenyl-NH-C(0)-CH,-. R^=R^=methyl, R'=R»=octyl. and 

Z = -(CH,)|(,- (i.e.. compound 1 09. Table 2) 
20 Preparation nf compound 5 (i.e.. a compound of formula 21) : Under a 

nitrogen atmosphere. N.N-dimethyl-l.lO-diaminodecane (27.10 mmols) and 2-chloro. 

N-(2".6 -dimethylphenyl)acetamide (51.49 mmols) were dissolved in 18 mL EtOH. 

DIPEA (67.75 mmols) was added and the reaction was stirred at reflux for 23 hours. 

The reaction mixture was concentrated, then taken up in 50 mL ElOAc and the solids 
25 filtered. The filtrate was concentrated, taken up in EtOAc. filtered through silica, and 

concentrated to give 10.06 g (71%yieid) of compound 5 (Table 2). 

Preparation of rnmpound 109 (i .e., a compound of formula 70): Under a 

niu-ogen atmosphere, the compound above (compound 5) (0.13 mmols) and 1- 

iodoociane (5.5 mmols) were dissolved in ethanol (10 mL). The reaction was stirred 
30 at 85 °C for 1 8 hrs. The reaction was cooled to room temperature, and the excess 
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iodooctane was removed. The residue was washed with hexanes (x 2) at 85 '^C, then 
dissolved in MeOH and concentrated to dryness to afford the diquatemary iodide sail 
(i.e.. compound 109, Table 2). MS (found, M+H 749); yield 40%. 
20B. In a similar manner, using various compounds of formula (21) as startmg 
material, the following compounds were prepared (Table 2): 

110, 111. 112, 113, 114, 115. 
20C. Higher-order valency compounds were prepared by a similar procedure. 



EXAMPLE 21 

Preparation of a heterovalomer compound of Formula la, where 

( Ar-W) ' = 2,6-dimethyl phenyl-NH-C(0)-CH.- and 
(Ar-W)- =2.6-dimethyl phenyl-O-CO-CHr, R^^R-^^^roethyl. and 
Z=(CH:):(CH,OCH,)3(CH3): (i.e.. compound 71, Table 2) 

Step 1 : Under a nitrogen atmosphere, A^-methyl-A^-(3-{2[-2-(3-melhylamino- 
propoxy)-ethoxy]-ethoxy}-propyl)-amine (130.56 mmols) was dissolved in dioxane 
(lOOmL). Di-/er/-butyl dicarbonate (Boc^O) (97.92 mmol) in 50 mL dioxane was 
added over 1.5 hours. The reaction was stirred at room temperature for 21 hours, then 
concentrated to dryness. The mixture was partitioned between EtOAc (100 mL) and 
10% KHSO4 (50 mL), and the layers separated. The organic layer was washed with 
10% KHSO^ (3 X 50mL). The aqueous layer was acidified with 6M HCl to PH 3, 
washed with EtOAc (50 mL). made basic with solid NaOH. Saturated with NaCI. and 
washed with CHCI3. The combined organic layers were dried over Na.S04, filtered, 
and concentrated to yield ;V-meihyl-A'-Boc-/V.(3-!2[-2-(3-methylamino-propoxy)- 
ethoxy]-eihoxy} -propyl )-amine (18.66 g. 41%yield). 

Step 2 : Under a nitrogen aimosphere. A-methYl-A'-Boc-A43-{2[-2-(3- 
meihylamino-propoxy)-ethoxy]-ethoxy ^-propyl )-amine (53.59 mmols) and 2-chloro- 
.V-(2-6-dimethyl-phenyl)-acetamide (50.91 mmols) were added to ethanol (35 mL). 

DIPEA (80.39 mmols) was added, and the reaction stirred at 85 C for 1 9 hours. The 
reaction was then concentrated to dryness, dissolved in EtOAc and filtered through 
silica (EtOAc). The filtrate was reconcentrated to give A-methyl-A-Boc-A^-(3-{2-(3- 
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{A^-[(2,6-dimethyl-phenylaminocarbonylmethyl)-A^-methylamino}-propoxyK 
ethoxy}-propyl)ainine (19.36g, 75% yield). 

Step 3 : Under nitrogen atmosphere, A/.methyl-A^-Boc-A^-(3-{2-{3-{iV-[(2,6- 
di methy I-pheny laminocarbony Imelhy l)-A^-methy iamino } -propoxy )-elhoxy ]-elhoxy } - 
5 propyOamine (38.04 mmoles) was dissolved in 50 mL dichioromethane. 
Trifluoroacelic acid (50 mL) was added, and the reaction was stirred at room 
temperature for .5 hours. The reaction was concentrated to dryness, then dissolved in 
EtOAc(lOOmL). The solution was washed with ICHSO4 (3x50Ml). The combined 
aqueous layers were washed with EtOAc (50MI), made basic with solid NaOH, 

10 saturated with NaCl, and washed with chloroform (3x50Ml). The combined organic 
layers were dried over Na.SO^, filtered, and concentrated to give A^-(2,6- 
dimethylphenyl)-2-(3-{2-[2-(3-methylaminopropoxy)-ethoxy]-ethoxy}- 
propylmethylamino)-acetamide (1 1.58 g, 74%yield). NMR was taken in DMSO. 

Step 4 : Under a nitrogen atmosphere: 2,6-dimethylphenol ( 1 .0 equivalent 40 

1 5 mmoles) was dissolved in dichioromethane (40 mL) and diisopropyl ethylene diamine 
(1 .3 equivalents. 53.2 mmoles). This solution was cooled to -78 ** C. 
Chloroacetylchloride was added all at once. The reaction was followed by TLC (25 
EtOAc:75 Hexanes) until reaction was complete (-10 minutes). The reaction was 
extracted using water and ether. The ether layer was washed with water and then 

20 brine, dried (MgSOj). filtered, rinsed with ether, and concentrated under vacuum. The 
concentrate was purified by silica gel column chromatography using hexanes as 
eluani. to afford 10.5 grams ( 94.6 % yield) of chloro-acetic acid 2.6-dimethyl-phenyI 
ester product as a tan oil. 

Step 5 : Under a nitrogen atmosphere in a sealed tube, the chloroacetic acid 

25 2,6-dimethyl-phenyl ester product of Step 4 ( 1 .2 equivalents , 6.72 mmoles) was 
reacted with 1 .0 equivalent (5.6 mmoles) of the monoadduct product of Step 3 . 
diisopropyl ethylene diamine ( 1 .3 equivalents, 6.72 mmoles) and ethanol (1 mL) at 85 

T for 14 hours. The reaction mixture was poured into ether with stirring, and the 
resulting precipitate was filtered, then dissolved in 90% water, 10% acetonitrile. The 
30 product (compound 71 . Table 2) was obtained by preparative HPLC eluting with 5% 
acetoniu-ile/ 95% H.O to 90% acetonitrile /10% H.O. MS (found, M+H 572). 
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EXAMPLE 22 

22 A- Preparation of a compound of Formula la. according to Scheme R, where (Ar- 
W)'= 2,6-dimethyl-4.butoxyphenyl-NH-C(0)-CHr. (Ar-W)- 2,6-dimelhylphenyl- 
NH-C(0)-CH:-, =R'= methyl, and Z -(CH^V, (i.e., compound 144. Table 2) 
5 Step 1 : Formation of compound (b): To a mixture of 3,5-dimethyIphenol (a) 

(25g. 205mmol) and NaNOj (26. Ig, 307mmol) in ether (200mL) and water {200mL), 
at 0**C, 250 mL of conc.HCI solution was added dropwise within 1 hour under stirring. 
The reaction mixture was kept under s irring overnight and the temperature was 
allowed to warm to room temperature. The organic phase was seperated and the 

1 0 aqueous phase was extracted with ether (3x 1 OOmL). The combined organic phase was 
washed with 3N HO (2 x 100 mL), saturated NaHCOa solution (3 x lOOmL) and 
finally with brine (200mL), dried over Na.SO^, filtered and concentrated to dryness. 
The obtained residue was purified by chromatography over silica gel by using ethyl 
aceiaie and hexane (2:8) as eluent. The collected fractions were further recrystalized 

1 5 in eiher/hexane to afford compound (b), 3,5-dimethyl-4-nitrophenol (6.7g. 1 9% yield) 
as a yellow solid. MS: m/e 167 

Step 2 : Formation of compound (c): A mixture of 3,5-dimethyl-4-niirophenol 
(b)(2g, 12mmon, bromobuiane(l-6mL. 15mmol), KX0j{2.1g, 15mmol)inDMF 
(6mL) was stirred at 60*^0 for 6 hours. The reaction mixture was poured into 50 mL of 

20 H:0 and extracted with ether (3x50mL). The combined ether layer was washed with 
H.O and subsequently with brine, dried over Na.SOj, filtered and concentrated to give 
compound (c). 4-butoxy-2.6-dimethyl-niirobenzene (2.6g, 97% yield) as a dark brown 
oil. 'H-NMRin CDCl.. 

Step 3 : Formation of compound (d): A solution of 4-butoxy-2,6-dimethyl- 

25 nitrobenzene (c) (7.76g. 34.8mmol ) in methanol (200mL) was hydrogenated 

overnight at 35psi. in the presence of 1 0% Pd/C ( 1 .5g) and 3mL of conc.HCI. The 
reaction mixture was then filtered and the filtrate was concentrated to dryness. The 
obtained residue was partitioned into CHCl/i-PrOH (4 :1 v/v) and saturated NaHCO, 
solution, and extracted with CHCl/i-PrOH (4 :1 v/v). The organic phase was dried 

30 over Na.SOj. filtered and concentrated to give 4-butoxy-2,6-dimethyl-phenylamine 
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(d). (6.5g, 97%yield) 'H-NMR in CDCI3- (TLC system : Rf : 0. 1 5 with EtOAc^exane 
= 2/8) 

Step 4 : Formation of compound (e): To a solution of 4-butoxy-2,6-dimethyl- 
phenylamine (d) (1.4g, 7.4mmol) and diisopropylethylamine (L4mL, S.Ommol) in 
5 CHjCU (6mL), 2-chloro-acetylchloride (0.88mL, 1 1 .Ommol) in CH2CI2 (6niL) was 
added slowly at (yC. The ice-bath was removed and the reaction mixture was kept 
under stirring for 0.5 hour. The reaction mixture was concentrated and the crude 
concentrate was partitioned between eiiyl acetate and water. The organic pha^e was 
washed with water twice. The organic phase was dried over Na2S04 and concentrated 
10 to dryness. The residue was was purified by flash chromatography over silica-gel 
using ethyl acelate/hexane (20/80 v/v) to afford 2-chloro-N-(4-butoxy-2,6-dimethyl- 
phenyD-aceiamide (e) (L95g, 98% yield), 'H-NMR in CDCI3. 
Steps 5 and 6 : Formation of compoimd (0 

A solution of trans- 1 ,4-dibromobutene (80g, 374nunoL Fluka 34060) in 
1 5 500mL of THF/EtOH (1/2) was added dropwise to a solution of 8N methy [amine in 
EtOH ( IL), which is kept at a temperature below 35 °C by using an ice-bath. After 
the addition, the reaction mixture was stirred at 38*'C for approximately 24 hours and 
then concentrated to yield a precipitate. The solid was filtered, washed with acetone to 
give N.N'-dimethyl-1.4-bulenediamine dihydrobromide (53. 8g, 52% yield) as a white 
20 solid, which was hydrogenaied in 350mL MeOH/H.O (6: 1 v/v) for 20 hours at 35psi 
and in the presence of lOg of 10% Pd/C. The catalyst was filtered and washed with 
MeOH and H.O. The filtrate was concentrated and precipitated by adding acetonitrile. 
The solid was filtered and washed with acetonitrile to give N,N'-dimethyl-l,4- 
buianediamine dihydrobromide (f) as a white solid (45. 5g, 93% yield). 
25 Step 7 : Formation of compound (h) 

2-Chloro-yV-(2.6-dimeihylphcnyl)acetamide (g) (2,8g, 14.2 mmol) was added 
to a mixture of N,N -dimethylbuiane dihydrobromide (0 (7.68g, 27.6mmol) and 
DIPEA (8mL, 46mmol) in EtOH (200mL). The mixture was stirred at 90°C 
overnight, then concentrated to yield a while precipitate, which was filtered off. The 
30 filtrate was concentrated and purified by chromatography over silica-gel by using 

CH.CK/CH30H/25% aq.NHj (97/2.5/0.5- 95/4.5/0.5 - 90/9/1 by volume) as eluant to 
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Obtain the desired monoadduct (h) as a colorless foam (2.62g. 67% yield). MS : m/e 
278 (M+H)), 'H-NMR in CD3OD. 

Step 8 : Formation of compound 144 (Table 2) 

A mixture of 2-chloro-N-(4-butoxy-2.6-dimethyl-phenyl)-acetamide (e) (2.5g, 

5 9.2mmol). the monoadduct (h) (2.5g, 9.2mmol) and DIPEA (2.1mL, 12mmol) in 
ElOH (45mL) was refluxed overnight. The reaction mixture was concentrated and the 
obtained residue was purified by chromotography over silica gel by using 
EtOAc/hexane/Et,N (50:49:1), then EtOAc/Et,N (99:1) and subsequently 
CH,Clj/CH30H/25% aq.NHj (94/5.4/0.6) as eluant to obtain compound 144 (0.28g. 

10 55% yield). This compound was converted to its di hydrochloride salt by treatment 
with 4N HCl solution in dioxane. MS : m/e 51 1 (M+H), and 'H-NMR in CD,OD. 
22B. In a similar manner, by substituting other other Ar-W- groups for 2.6- 
dimethylphenyl-NH-C(0)-CH;- and/or other bromoalkanes for bromobutane in 
Example 22 A, the following compounds were prepared (Table 2): 167, 168, 169. 

1 5 22c. Preparation of a compound of Formula la, according to Scheme R, where ( Ar- 
W)'= 2.6-dimethyI-4-(0-CH:-C(0)-OCH3-phenyl-. (Ar-W)-= 2.6-dimethylphenyl- 
NH-C(0)-CH:-. R^=R'=methyl, Z=-(CH,)4-. (i.e., compound 145, Table 2) 

Compound 145 was prepared in a similar manner as described above for 
compound 144, with the modification that in Step 2 of the procedure, methyl 

20 bromoacetate (i.e.. BrCH,C(0)0CH5) is substituted for bromobutane. 

22D. In a similar manner, replacing methyl bromoacetate with other esters of 
bromoacetate. the following compounds were prepared (from Table 2): 

152. 159. 162. 165. 166. 
22E. In like manner, other compounds of Formula I were prepared by varying the 

25 linker group (f) (Step 7). and/or the ligand groups (Ar-W)' and (Ar-W)- and the 
substituents R' and R thereof. 

22F. Compounds that are useful i niermcdiates in the synthesis of compounds 
described in Examples 22C and 22D were prepared by substituting bromoacetic acid 
for methylbromoacetate in Step 2 of Example 22B. These intermediates include 
30 compounds 1 53 and 1 70 (Table 2). 
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in like manner, other useful intermediates in the synthesis of compoimds of 
Formula I described in Example 22 were prepared by varying the linker group (f) 
(Step 7), and/or the ligand groups (Ar-W)' and (Ar-W)- and the substituents R' and R 
thereof, and/or by varying the carbon chain length of the a-haloacids. 

5 

EXAMPLE 23 

Preparation of a heterovalomer compound of Formula la, according to Scheme Q, 
where (Ar-W')= [4KC(0>-0-(CH2)2-N(CH3)2>phenyl]-, 
1 0 (Ar- W-)=2,6-dimethylphenyl-NHC(0)-CH2-, R'= H, R'- methyl, and 

Z= -(CH2)5- (i.e., compound 133, Table 2) 

Step 1 : A mixture of 4-trifluoroacetyIamino-benzoic acid benzyl ester (47) 
{2.5g, 7.74mmol), L5-diiodopentane (I2.5g, 38.6nmfiol), potassium carbonate (4.3g, 

15 31.1 mmol) and benzenetriethylammonium bromide (420mg, 1 .54mmol) in 
acetonitrile ( 1 50ml) was stirred under reflux overnight. After cooling to room 
temperature, the reaction mixture was filtered and the filu^te was concentrated. The 
resulting residue was purified by chromatography over silica gel using ethyl 
acetaie/hexane ( 1/9 by volume) as eluent to obtain the desired compound (76) (3.3g, 

20 82% yield), 'H-NMR in CDCI3, MS : m/e 520 (M+H). 

Step 2: A mixture of N-(2-6-dimethylphenyl)-2-methylamino-acetamide 
(2.4g. 12.5 mmol) (23), compound (76) (3.2g, 6.l6mmol) and potassium carbonate 
(4.3g. 31.1 mmoi) in acetone was stirred at 60 C overnight. The reaction -mixture was 
filtered and the filtrate was concentrated. The resulting residue was purified by 

25 chromatography over silica gel to obtain the desired compound (77) ( 1 .8g, 50% 
yield). 'H-NMR in CDC!,, MS : m/e 584 (M+H). 

Step 3: A solution of compound (77) ( 1 .8g, 3.08mmol) in tetrahydrofuran 
(80ml| was stirred under H. atmosphere and in the presence of 10% Pd/C (Ig) for 16 
hours. The reaction mixture was filtered and the filtrate was concentrated to give 

30 compound (78) as a white foam ( 1 .35g. 89% yield) MS : m/e 494 (M+H). 

Step 4: A mixture of compound (78) f0.77g, 1.56mmol), HATU (1.8g, 4.73mmol). 
HOAT (0.065g, 0.47mmol), N.N-dimeihylethanolamine (0.47mK 4.68mmol) and 
DIPEA (0,82ml, 4.7mmol) in anhydrous tetrahydrofuran (34ml) was stirred at room 
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temperature overnight. The reaction mixture was concentrated and subsequently 
purified by chromatography over silica gel using CH,Cl2/CH30H/25%NH4OH 
(98.8/1/0.2 a 94/5.4/0.6 by volume) as eluant to afford the desired compound (79) 
(0.5g, 57% yield), MS : m/e 565 (M+H). 
5 Step 5: Compound (79) (0.5g, 0.89mmol) was dissolved in a solution of 2N 

methylamine in tetrahydrofuran. The resulting solution was stirred at room 
temperature overnight and then concentrated. The residue was purified by 
chromatography over silica gel using CH3C1VCH30H/25%NH,0H (98.8/1/0.2 - 
94/5.4/0.6 by volume) as eluant to afford the desired heterovalomer compound (80) 
10 (i.e.. compound 133 in Table 2), (0.1 5g, 36% yield). MS : m/e 469 (M+H). This 
compound was converted to the dihydrochloride salt by treatment with 4N HCl 
solution in dioxane. 

EXAMPLE 24 

15 24 A. Preparation of a compound of Formula lb, according to Scheme T, where (Ar- 
W')= 2.6-dimethylphenyl-NH-C(0)-N(CH3),- (S-isomer), (Ar-W-)=2,6- 
dimethylphenyl NHC(0)-CU:-, -(CH,)3-, Y** = covalent bond, Z= -N(CH3)- (i.e.. 
compound 1 16, Table 2) 

Step 1 : S(L)-omiihine protected on the a-amino group with Boc and on the 6- 

20 ammo group with Cbz (2.96 g, 8.08 mmol) was dissolved in 30 mL dry DMF. HATU 
(3.63g, 9.55mmol), HOAT(0.1 g, 0.73 mmol) and DIPEA(1.41 g, 10.9 mmol) were 
added and the mixture was stirred at room temperature for 40 min. 2,6- 
dimethylaniline (0.886 g. 7.3 1 mmol) was added and the reaction mixture was stirred 
overnight at room temperature under N:; atmosphere. The mixture was evaporated and 

25 resuspended in EtOAc. then washed with brine, and extracted with EtOAc. The 
organic phases were combined. dried(MgS04), evaporated then resuspended and 
chromaiogiaphed on a silica gel column with 2% MeOH/CH.CU as eluant. The 
product, a compound of formula (91) was obtained as a yellow solid (4.33 g, >99% 
yield), and was characterized by NMR (CDCI3). 

30 Step 2: The product of the previous step was dissolved in MeOH and 

10%PdyC (0.25 g) was added and stirred. The reaction vessel was evacuated, then 
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was added and the solution was stirred at room temperature for 2 hours until the 
reaction was judged complete by TLC. The catalyst was removed by filtration and the 
filtrate was concentrated to afford a compound of formula (92) as a yellow oily foam 
(2.87g). 

5 Step 3: The product of the previous step (2.87 g, 8.55 ncmiol) was reacted at 

80°C overnight with 2-chloro-A^-(2\6'"dimethylphenyl)acetamide (1.52g, 7.69 mmol) 
(prepared as in Example 5 above) in the presence of DIPEA ((1^2g, 9.47 mmol) in 
ElOH (25 mL). The reaction was cone* itrated and the residue dissolved in CH.CU. 
The organic phase was washed with three portions of 0.3N HCl. The aqueous layers 

10 were combined and the pH adjusted to 11 by dropwise addition of 5N NaOH. The 
resulting suspension was extracted with three portions of CHXK, and these organic 
phases were combined, dried (MgSO^) evaporated, then resuspended and 
chromaiographed on silica gel (12-5x 14 cm column), eluted with 2% MeOH (400 
mL), 3% MeOH/CH^CI, (300 mL), and 5% MeOH (300 mL) to afford the product, a 

1 5 compound of formula (93). as a pale yellow foam (1 .59 g). 

Step 4: The product (93) (0.6g) was dissolved in CH^Cl. and TFA was added 
with stirring for 1 hour until deprolection was complete, as judged by TLC. The 
reaction mixture was evaporated, and the residue redissolved in CH^CU. The organic 
phase was washed with three portions of 0.3N HCL The aqueous layers were 

20 combined and the pH adjusted to 1 1 by dropwise addition of 5N NaOH. The resulting 
suspension was extracted with three portions of CH.CU. These organic layers were 
combined, dried (MgSOj) and concentrated to afford the deprotected product, a 
compound of formula (94) as a viscous foam (350 mg). 

Step 5: The product (94) (0. 149 g. 0.376 mmol) was dissolved in MeOH 

25 (25mL). Formaldehyde (37% aqueous) (0.46nnL) was added, followed by NaBHjCN 
( 1 1 7mg) and alkylation was carried out for 1 hour. The pH of the reaction was then 
adjusted with glacial acetic acid to about pH 6 and the reaction mix stirred for 30 min. 
The pH was then raised to pH 9 with NH4OH and the reaction mix was concentrated 
by evaporation to a slurn*. The slurry was redissolved in CH.CL, washed with 

30 saturated NaHCOj and extracted 3x with CH.CK. The organic phases were combined, 
dried (MgS04), concentrated by evaporation and the residue was purified by 
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chromatography on silica gel eluted with 400 mL of 2%, 4%. and 5% MeOH/CHXI, 
to afford the desired compound (95) (i.e.. compound 1 16. Table 2) (0.1 35 g, 0.308 
mmol; 82% yield). The compound was converted to the HCI salt (0.12 g ). The 
product was characterized by MS (observed, M+1 = 439) and NMR (DMSO). 

5 24 B. In a similar manner, compound 121 was prepared by substituting the 
diprotected S(L) lysine derivative for the corresponding S(L) ornithine derivative. 
Compounds 123 and 124 were prepared by substituting, respectively, diprotected 
R(D) lysine and diprotected R(D) ornithine for the corresponding diprotected S(L) 
ornithine in Step 1 of Example 24 A. 

1 0 24C. Compound 1 27 was prepared with the following modifications from the 
procedure described in Example 24A. S(L)-2,5-diaminobutanoic acid that was N- 
protccted with Boc (PG,) and FMoc (PG,) was used in place of the diprotected S(L) 
ornithine derivative in 24A. Accordingly, Step 2 (deprotection) was carried out in 
DMF with piperidine. The reaction was carried out until complete, as judged by TLC. 

1 5 and the crude product was obtained as a solid on evaporation. This product was 

purified by chromatography on silica gel. using successive elutions with 300 mL 4% 
MeOH/CH,CU . followed by 5.4% MeOH + 0.6% NH4OH. The latter afforded the 
deprotected product, which was evaporated and characterized by MS. 
24D. Compound 1 37 can be prepared by the procedure described above in 24 A by 

20 substituting a diprotected S(L) lysine derivative for the corresponding S(L) ornithine 
derivative. However, ii is preferred to carry out Step 5 by a direct alkylation route, 
as described below. 

In Step 5. a compound of formula (95). where n= 4 (0.237g. 0.577 mmol) was 
reacted overnight at SO^C with EtBr (lOOpL). The reaction mixture was evaporated. 

25 and the residue redissolved in CHXU. The organic phase was washed with three 
ponions of 0.3N HCI. The aqueous layers were combined and the pH adjusted to 1 1 
by dropwise addition of 5N NaOH. The resulting suspension was extracted with three 
portions of CH.CU. These organic layers were combined. dried(MgS04) and 
concentrated. The crude product was chromatographed on silica gel with 2% 

30 MeOH/CHXT. as eluant. The product was eluted and rechromatographed using 1% 
MeOH/CH,Cl: as eluant to afford the desired product (compound 137. Table 2) (0.150 
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g, 53% yield. Characterized by MS (obsei^ed, 495) and NMR(DMSO). The 

product was converted to the HCI salt, yielding 0.12g as a white powder . 

24E. By a procedure similar to that described in 24D, but with the following 

modifications, compounds 122, 138, 139 and 154 were prepared. 
5 Compound 122: diprotected S(L>-omithine was used in place of the 

corresponding diprotected S(L}-lysine derivative. 

Compound 1 38: diprotected R(D)-lysine was used in place of the corresponding 
diprotected S(L)-lysine derivative. 

Compound 1 39: diprotected R(D) ornithine was used in place of the 
1 0 corresponding diprotected S(L) lysine derivative. 

Compound 1 54: diprotected R(D) omidiine was used in place of the 
corresponding diprotected S(L) lysine derivative; the 
compound of formula (e) in Scheme R, where the R substituent 
is 4*-[0-CH:C(0)-OCH3]- was used in place of 2-chloro-2'6*- 
1 5 acetoxy lidide in step 3 of Example 24A. 

It should be understood, of course, that the R- and S-isomer of compounds of 
this invention may differ in activity and/or other properties. It is well within the skill 
in the art to test different isomers and combinations thereof to determine which is 
20 more active for any particular intended use. 

EXAMPLES 25-28 

Assay Procedures 

The multibinding compounds of Formula I were found to exhibit significant 
25 activity in the assays described below, and demonstrated improved properties when 
compared to conventional local anesthetics (i.e.. lidocaine, bupivacaine). 

EXAMPLE 25 

BTX Displacement Assay 
30 The local anesthetic binding site in the sodium ion channel is allosterically 

linked to the binding site for bairachotoxin (BTX). The displacement of radiolabeled 
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BTX from Site 2 on synaptosomal membranes correlates with local anesthetic 
activity. 



1. Preparation "f Svnaptosomes 
5 Synaptosomes were prepared using Erozen rat brains obtained from Pel-Freez. 

Ten brains were thawed and the cerebral cortex harvested (cerebellum removed). 
Approximately 4 to 5 g of cortex were placed in 30 mL of 0.32 M sucrose at 0°C and 
homogenized in a Teflon/glass homogenizer (clearance approx. 0. 1 5-0.23 mm, 1 2 up 
and down strokes at less than 800 rpm) while the mortar of the homogenizer was kept 

10 in an ice/waier bath. The crude homogenates were pooled and distributed as 20 mL 
aliquots into polycarbonate centrifuge bottles. These were cenuifuged at 5.100 rpm 
(fa)-t setting 1 .57 x 10* rad-/sec) in a 50.2 Ti rotor for approximately 9 min at 4''C in a 
Beckman L8-80M ultracentrifuge. The pellet (PI ) was discarded. The supernatant 
(nominally in 0.32 M sucrose) was removed, layered onto 8 mL of 1 .2 M sucrose at 

1 5 and spun at 50.000 rpm (a)-t setting 1 .6 x 1 0'» radVsec) for approximately 10 

min in a 50.2 Ti rotor at 4°C. Supernatant (4 mL) was removed from the gradient 
interface and mixed with 10 mL of 0.32 M sucrose at O^C. The pellet (P2) and other 
material was discarded. The diluted interface was layered onto 8 mL of 0.8M sucrose 
and spun at 50.000 rpm (co-t setting 1.6 x 10'" rad-/sec) for approximately 10 min in a 

20 50.2 Ti rotor at 4 "C. The supernatant was discarded, and the pellets (P3) were pooled 
and resuspended by homogenizaiion at O'C with a Wheaton glass homogenizer B 
type (clearance approx. 0.1 5-0.23 mm. 12 up and down strokes) in 15 mL 
synaptosomal storage buffer ( 1 30 mM choline CI. 5.5 mM glucose, 5.4 mM KCI. 0.8 
mM MgS04). 4.50 mM HEPES. pH adjusted to 7.4 with Tris Base (approx. 22 mM)). 

25 The homogenized solution was spun at 50,000 rpm (u)-t setting 1 .6 x 10'° rad-/sec) for 
approximately 1 0 min in a 50.2 Ti rotor at 4°C. The supernatant was discarded, and 
the pellet (P4) was resuspended in 8 mL synaptosomal storage buffer by 
homogenizaiion (as in the previous step) at 0°C. The synaptosomes were "snap 
frozen" in 500 pi aliquots on ethanol/dry ice and stored at -80'C. Total protein 

30 concentration was measured after solubilizing membranes in 1 .2% (wt/vol) SDS by 
Lowry's method. 
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2. BTX Displacement Assay 

Incubations were carried out in a total volume of 250 \i] containing 
synapiosomes ai a final concentration of 0.8 ^ig total protein/^l, 50 nM ^H-BTX-13 
(50 Ci/mmol), 1 ^iM teirodoioxin, 120 ng/mL Uiurus quinquestriatus venom, in 
5 synaptosome storage buffer (see above). Test compound was added at various 

concentrations, typically from 1 to 100 ^g/mL. Systems were incubated for 30 to 45 
min at ST'^C, after which time incubation was terminated by dilution of the reaction 
mixture with 250 ^1 of wash buffer (16? mM choline CI, 5mM HEPES, 1.8 mM 
CaCl. and 0.8 mM MgSO,, pH to 7.4 with Tris base) at 0°C, and solutions were 

10 filtered through a Millipore GFC 96 well filter plate. Filtration was accomplished by 
vacuum filtration through a Millipore 96 well vacuum manifold. Each filter plate was 
washed three times with wash buflFer at 0°C (250 Ml/wash). Filter and filtrate were 
counted in 25 ^1 of OptiPhase Supermix (Wallac) on a Wallac scintillation counter 
(model 1450 Microbeta). Nonspecific binding was determined by parallel 

1 5 experiments in the presence of 300 pM verairidine. 

EXAMPLE 26 

Whole-Cell Voltage Clamp 

The whole cell variant of the patch-clamp method (Hamill et ai. PflUgers 

20 Arch. 391:85-100, 1981) was used to measure Na" currents in GH3 cells. The external 
solution contained (in mmol) 150 choline CI. 0.2 CdCU. 2 CaCK, and 10 
hydroxethylpiperazine ethane sulfonic acid (HEPES) adjusted to pH 7.4 with 
teiramethyl hydroxide. Micropipeties were fabricated and had a lip resistance of-1 
MQ when filled with an Na+ solution containing (in mmol) 100 NaF. 30 NaCK 10 

25 EGTA (ethylene gIycol-bis(P-aminoeihyl ether)- N.N,N',N'-tetraacetic acid), and 10 
hydroxyeihyl- piperazineeihane sulfonic acid, adjusted to pH 7.2 with CsOH. 

The junction potential of electrodes was nulled before seal formation. After 
the rupture of the patch membrane, the cell was allowed to equilibrate with the pipette 
solution for at least 15 min at the holding potential of -100 mV. Under these reversed 

30 Na gradient conditions, outward Na currents were activated at approximately -30 
mV. 
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Test compounds, at appropriate concentrations, were applied to cells with a 
flow rate of about 0.12 mL/min via a series of narrow-bored capillar>' tubes positioned 
within 200 of the cell. Typically, the more soluble salt form, rather than the free 
base, was used. Washout of drugs was performed via a lube containing the external 
5 solution without drug present. Voltage-clamp protocols were created with pClamp 
software (Axon Instruments, Inc., Foster City, CA). Leak and capacitance were 
subtracted by a leak and capacity compensator (Hille and CampbelL J. Gen. Physioi 
67:265-93, 1976). Additional compensation was achieved by the patch clamp device 
(EPC7, List-Electronic. Darmstadl/Eberstadt, Germany). All experiments were 
1 0 performed at room temperature. At the end of the experiments, the drift in the 
junction potential was generally <2 mV. 

EXAMPLE 27 

Rat Sciatic Nerve Sucrose-Gap Assay 
1 5 Sprague- Dawley rats (42-56 days old) obtained from Charies River 

Laboratories were used in these experiments. Animals were euthanized and the 

sciatic nerves were excised and maintained in Ringer solution. 

The Ringer solution contained: 124mM NaCL 3mM KCl, 1.3mM NaH^PO^. 

2mM MgCU.H.O. 2mM MgCl.-6H:0. 26mM NaHCO^and lOmM Dextrose. The pH 
20 was adjusted to 7-7.5 using bubbled 95% 0. -5% CO, This Ringer solution was used 

for storing nerv^es and for filling the two stimulating pools (SOOul) and the recording 

"intracellular ' pool. 

The compounds ro be tested for local anesthetic activity were prepared as 

lOmM solutions in 1 5% PEG 400. The solutions were stored at 4*'C to minimize loss 
25 of potency. The working solutions were prepared by diluting stock solution in Ringer 

solution just prior to their use in experiments. 

Segments of nerves measuring 5mm were desheathed and mounted in a 

polycarbonate sucrose-gap chamber. In the chamber, the nerves were laid across a 

series of pools and within a cylindrical gap with the proximal end in the "test" pool. 
30 Petroleum jelly (Vaseline. Cheeseborough Pons) was used to create watertight seals 

around regions of the nerves passing between aqueous pools. 
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The proximal end of the nerve was stimulated by a pair of bipolar Ag/AgCl 
electrodes inserted into the stimulating pools. The 'nest" pool (500 \il volume) 
contained the Ag/AgCl electrode that recorded the extracellular electricaJ potential. 
Flowing at 1 .0 mL/min, a nonionic sucrose solution (320mM) prevented the action 
5 potential from propagating beyond the test pool. The intracellular potential, conducted 
passively through the sucrose gap to the distal end of the preparation, was recorded 
using Ag/AgCl C intracellular") elecuodes in a Ringers containing pool. Using a 
stimulator (A360 Stimulus Isolator, WPl), nerves were stimulated for 0.1 ms at two 
times the intensity required to induce die maximal compound action potential (CAP). 

10 The electrical signal from the nerve, the compound action potential (CAP) from large 
myelinated fibres, was amplified 10 times using an amplifier (IsoDam 8, WPI). The 
signal was displayed on an oscilloscope and also recorded on a computer using 
BioPak software. A nerve preparation was considered acceptable if the CAP 
measured not less than 10 mV, and the experiment was can-ied out after CAP 

1 5 stabilized (i.e. did not vary more than 1 -2mV over a 1 0-20min period). 

Ner\'es were stimulated at less than 1 Hz during the full experiment lime to 
assess "tonic^' block, and "phasic" block was measured by 50 Hz trains applied 400 
ms every 4secs. All data were recorded at room temperature. 

20 EXAMPLE 28 

Measurement of sciatic nerve block in the rat 

Sprague-Dawley male rats in groups of 3-6 were injected percuianeously with 

a 27 G needle close to the sciatic nerve (about one third of the distance between the 

greater trochanter and the ischial tuberosity and caudal to the greater trochanter) with 
25 0.2 mL of 10-90 mM solution of test compounds, pH 3-4.5 (i.e.. compounds of 

Formula I. lidocaine and bupivacaine (Marcaine(g)))- Animals were observed al least 

three limes on the day of the procedure, and each day thereafter. 

At 3. 15 and 30 minutes and every 30 minutes thereafter for up to 10 hours 

after injection, the animals were assessed for motor and sensory nerve block. Where 
30 the anesthesia lasted longer than 1 0 hours, daily assessments were made for up to 5 

days. Motor deficit was assessed by placing the animal on a flat surface and noting 
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whether the paw is spread out under the animaJ (normal position) or whether it is kept 
closed and not used for locomouon (deficit). For assessment of sensory block, the 
animal was held above the bench surface and the skin between the two lateral-mosl 
toes was pinched using a pair of "rat-tooth forcepts". A withdrawal response is 

5 normal, whereas no response indicates sensory block. 

In animals that showed fiiU recover)' of motor and sensory nerve function 
within 48 hours, a second compound is tested after a period of one week has elapsed. 
The tests are performed in the same way as described above, but on the contralateral 
limb. Results are analyzed for statistical significance using a one way analysis of 

10 variance. 

EXAMPLE 29 

Use of a compound of Formula I for surgical anesthesia and/or post-operative 
analgesia 

1 5 Compounds of Formula I are used in patients requiring both surgical 

anesthesia and post-operative analgesia (e.g.. surgical repair of an inguinal hernia) or 
post-procedure pain relief only (e.g.. post-operative pain relief of long duration; post- 
arthroscopy). 

A patient requiring surgical repair of an inguinal hernia is prepared for 
20 surgen. . It is desired to provide local anesthesia prior to incision, and for 18 to 36 
hours post-operatively. Accordingly, prior to incision, a sterile injectable solution 
containing about 0.1-2.5% of a compound of Formula I (with or without 5 ug/mL 
epinephrine, at the discretion of the surgeon) is infiltrated incrementally at the site of 
incision until the patient no longer senses cutaneous pain when pinched with a 
25 hemostat. Additional drug is administered during the procedure if required. The total 
volume of solution required is in the range of about 10-30 mL. 

For post-operative analgesia in a patient requiring a major abdominal 
operation (e.g.. a C-sectionj. who will receive a general anesthetic during the 
operation, the wound area is infiltrated either pre-incisionally or at the end of the 
30 procedure with a compound of Formula 1 
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For relief of joint pain following an arthroscopic procedure, the patient's joint 
is infiltrated with a compound of FormuJa I. 

5 While the present invention has been described with reference to the specific 

embodiments thereof, it should be understood by those skilled in the art that various 
changes may be made and equivalents may be substituted without departing from the 
tme spirit and scope of the invention. In addition, many modifications may be made 
to adapt a particular situation, material, composition of matter, process, process step 

10 or steps, to the objective spirit and scope of the present invention. All such 

modifications are intended to be within the scope of the claims appended hereto. 

All of the publications, patent applications and patents cited in this application 
are herein incorporated by reference in their entirety to the same extent as if each 
individual publication, patent application or patent was specifically and individually 

15 indicated to be incorporated by reference in its entirety. 
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WHAT IS CLAIMED IS: 

1 . A muliibinding compound represented by Fomnula I: 

(L)p(X), I 
and pharmaceuiically acceptable salts thereof; 
5 wherein: 

each L is a iigand that may be the same or different at each occurrence; 
each X is a linker that may be the same or different at each occurrence; 
y? is an integer of from 2 to 10: and 
^ is an integer of from 1 to 20; 
10 wherein each of said ligands comprises a Iigand domain capable of binding to 

a voltage-gated Na* channel of a cell. 



2. The multibinding compound of claim 1. wherein each of said ligands is 
capable of inhibiting the generation and/or conduction of action potentials by said 
15 cell. 



3. The muliibinding compound of claim 2, wherein each of said ligands 
independently comprises a group of Formula (A): 

Ar-W- (A) 

20 wherein: 

Ar represents an ar>'l. heierocyclyl or heteroaryl group: and - 
W is selected from a covalent bond, -fCR'R-]r. - [CR'R-],C(0)-, 
-C{0)OfCR>R-], - . - OC(0)l CR'R-J. -. -0-(CR'R^],C(0)-, -C(0)-NH- 
[CR'R-L-. and -NH-C(0)[CR'R-1, . 
25 where /* is an integer of 0 lo 10. and R' and R- are independently H, alky I. 

subsiiiuied alkyl or a group -NR'R'-. where R" and R** are both alkyl. 



4. The multibinding compound of claim 3, wherein each divalent linker X is 
independently selected from a structure of: 
30 (a) Formula II: 

-N(R\)-Z-N(R')- (II) 
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wherein: 

Z is alkylene. substituted alkylene, (alkylene OL-alkylene, where w is an 
integer of I to 10, or alkenylene; and 

and are independently hydrogen, alkyi, substituted alkyl. aralkyl, a 
5 ligand, an X-ligand group, or and R'' may independently form together with Z and 
the nitrogen atoms to which they are bound an N-containing heterocyclic ring 
optionally containing an additional 1 to 4 heteroatoms selected from O, S, SO,, SO 
and NR", where R" is a ligand. hydrogen, alkyl and substituted alkyl; 

10 (b) Formula III: 

-Y^-Z'-Y**- (III) 

wherein: 

Z is a heterocycle, aryi. heieroaryl, a crown compound having at least two 
unsubstituted ring nitrogens or a group -NR-, where R is alkyl; 
1 5 Y' and Y^ are independently a covalent bond, alkylene, substituted alkylene, 

(alkylene-0),-aIkylene, where w is an integer of 1 to 10, or -C(0)-(CH3)„-NR-. where 
R is hydrogen or alkyl, and n is an integer of 1 to 1 0; 

(c) Formula IV: 

20 -N-(R-^)(R')-Z"-N*(R')(R*')- (IV) 

wherein; 

Z" is alkylene or suhsiiiuied alkylene: and 

R^". R-^* . R' and R' are independently alkyK substituted alkyL aralkyl, or a 
ligand, and optionally one of R" and R*" is not present; and 

25 

(d) Formula V: 

.X'-Z'"-(Y'-Z"'),-X'. (V) 

wherein: 

V is an integer of 0 to 20: 
30 X' at each separate occurrence is independently alkylene. substituted alkylene. 

alkenylene. substituted alkenylene, aikynylene, substituted alkynylene, -0-. -S-, 
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-S(0)-. -S(0),-. -NR-. -N' R R -C(0)-, -C(0)0-. -C(0)NR-. -NRC(0>-. -C(S)-. 
-C(S )0-, -C(S)NR- or a covalent bond, where R and R' at each separate occurrence 
are independently as defined below for R' and R"; 

Z"' is at each separate occurrence independently selected from alkylene. 
5 substituted alkylene, (alkylene-OL-alkylene, where w is an integer of 1 to 1 0, 
alkylalkoxy, cycloalkylene, substituted cycloalkylene. alkenylene. substituted 
alkenylene, alkynylene. substinjted alkynyiene, cycloalkenylene, substituted 
cycloalkenylene, arylene, substituted arylene, heteroarylene, substituted 
heteroar> lene, heterocyclene, substituted heterocyclene, crown compounds, or a 

10 covalent bond; 

Y' at each separate occurrence is independently selected from -0-, NR', S. 

-C(O)-(CH0„-NR'-. -NR'-(CH,)„ C(0)-. -NR'-C(0)-NR'-. -0-C(OVO-. 

-NR"-C(=NR')-. -C(=NR')-NR'-. -NR'C(0)-0-, -N=C(X')-NR"-. -P(0)j(OR')-0-, - 

S(0).-f"R'R"-. -S(0)„-NR'-, S-S- and a covalent bond; where n is 0, 1. or 2; and 
15 R, R- and R" at each separate occurrence are selected from hydrogen, alkyl. 

substituted alkyl, cycloalkyl. substituted cycloalkyl, alkenyl, substituted alkenyl. 

cycloalkenyl. substituted cycloalkenyl, alkynyl. substituted alkynyl, aryl, heteroaryl 

and heterocyclic. 

20 5. The muliibinding compound of claim 4, wherein is an integer of from 2 to 4. 
and q is less than p. 

6. The multibinding compound of claim 5 having a structure selected from: 



25 (a) Formula la 



Ar-W-N N— W-Ar 
R^ R' 



30 where Ar and W have the defmitions provided above for formula A, and R'. R* and Z 
have the meanings given in Formula II above; 
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(b) Formula lb 

Ar-W.Y*-Z'-Y*'.Ar (lb) 
where Ar and W have the definitions provided above for formula A, and Y", Y** and Z* 
have the meanings given in Formula III above; and 

5 

(c) Formula Ic 

Z" 

1 0 where Ar and W have the definitions provided above for formula A, and R' , R'' , R', 
R' and Z" have the meanings given in Formula IV above. 

7. The multibinding compound of claim 6, wherein each ligand group Ar-W- is 
independently selected from: 
1 5 2.6-dimethylphenyl-NH-C(0)-CH3-; 

2.6-dimethylphenyl-NH-C(0)-CH((CH:),CH3)-; 

2.6-dimethylphenyi-NH-C(0)-; 

(S)-2.6-dimethylphenyl-NH-C(0)-CH(CH,CHj)-; 

(R)-2,6-dimethylphenyl-NH-C(0)-CH(CH:CHj)-; 
20 r>-tolyl-NH-C(0)-CH(CH,CHj)-; 

«-tolyI-NH-C(0)-CH(CHj)-; 

</-iolyl-NH-C(0)-CHj-; 

4-[-C(0)-0-(CH:):-N(CH,CH3)2]-phenyi-; 

-;-[-C(0)-NH-(CH:),-N(CH>CH3),]-phenyl-; 
25 4-[-C(0)-NH(CH3)l-phenyl-; 

4-[-C{0)-0-(CH,),-N(CH3),]-phenyl-; 

4-[-C(0)-0-CH,CH3]-2.6-dimethylphenyl-NH-C{0)-CH3-; 
4-[-C{0)-0-CHj)-2,6-dimethylphenyl-NH-C(0)-CH(CH,CH3)-; 
4-[-C(0)-0-CHj]-2-methylphenyl-NH-C(0)-CH(CH,CH,)-; 
30 4-(C(0)-0-CH3]-2.6-dimethylphenyl-NH-C(0)-CH(CHjCHj)-; 
4-aminophenyl-C(0)-; 
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4-butylaminopheny!-C(0)-: 
2.6-dimethylphenyl-O-C(0)-CH,-; 

phenyl-(CH,)r: 
phenyl-C(OHCH,),-; 
5 4-[-NH-C(0)-CH:-N(CH,CH3)J-3,5-<iimethylphenyl-0-CH,-C(0)-; 

4-aminophenyl-C(0)-0-(CH2)2-; 
4-inethoxyphenyl-NH-C(0)-CH,-; 
2-methylpheny l-N H-C(O) CH,-; 
phenyl-NH-C(0)-CH,-; 

10 4-chlorophenyl-NH-C(0)-CH,-; 

2-methyl-4-melhoxyphenyl-NH-C(0)-CH:-; 

2-methyl-4-chlorophenyl-NH-C(Oj-CH,-; 

2-methylphenyl-NH-C(0)-CH(CH3)-; 

2-methylpheny!-NH-C(0)-CH(CH,CH,)-; 

15 phenyl-(CH,),-C(0)-; 

4-nitrophenyl-C(0)-0-(CH,):-: 

2-chloro-4-nitrophenyl-C(0)-0-(CH;):-; 

(S>-2.6-dimethylphenyl-NH-C(0)-CH(N(CH3),)-; 

(R)-2.6-dimethylphenyl-NH-C(0)-CH(N(CH3),)-: 
20 (S)-2.6-dimethylphenyl-NH-C(0)-CHCN(CH:CH3)2)-; 

(R)-2.6-dimeihylphenyl-NH-C(0)-CH(N(CH,CH3),)-; 

4-!0-((CH:)„-C(0)-0]„R}-2.6-dimeihylphenyl-NH-C(0>-CHR'-. where n is 

an integer equal lo 1 to 6. m is 0 or 1 . R is Ci-Q alkyl. and R' is H or alkyi: 

2-cthyl-6-methylphcnyI-NM-C{0)-CH(CH:CH3)-: 
25 2.4.6-trimethylphenyl-CH(CH,CH.,)-C(0)-NH-: and 

2-ethyl-6-methyiphenyl-NH-C(0)-CH:-. 

8. The muUibindini: compound of claim 6. having the structure of Formula la. 
wherein Z is alkylene. R^ and R' are alkyl. Ar at each occurrence is substituted with 
30 two or more groups selected from alkyl. alkoxy and substituted alkoxy, and W is - 
NH-C(0)-CR'R-. 
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9. The muliibinding compound of claim 8, wherein Z is -(CH7)4% and are 
methyl, Ar is selected from 2,6-dimethylphenyl or 4-{0-[(CH2)„-C(0)-OL R}-2,6- 
dimethylphenyl-, where n is an integer equal to 1 to 6. m is 0 or 1, R is CrQ aikyl, 
and W is NH-C(0)-CHR*-, where R' is H or alkyl. 

5 

1 0- The multibinding compound of claim 9, wherein Ar is 4-[0-CH:-C(0)- 
OCHj]- 2,6-dimethylphenyl-. 

1 1 . The muliibinding compound of claim 9, wherein Ar is 4-[0-(CH2)3CH3]-2.6- 
10 dimeihyiphenyl-. 



1 2. The multibinding compound of claim 6, having the structure of Formula lb. 

wherein: 

Z is a heterocycle represented by the formula, 




where Q and Q' are independently alkylene or substituted alkylene chains; 
and Y'' are independently a covalent bond, alkylene or-C(0)-(CH2)n-NR-, 
20 where R' is alkyi; and 

n is an integer of 1 lo 10. 



13. The multibinding compound of claim 12, wherein said heterocycle is 1,4. 10, 
13-tetraoxa-7. 16-diazacyclooctadecane, each of Y* and Y** is a covalent bond, Ar at 
25 each occurrence is substituted with one or more groups selected from alkyl, alkoxy 
and substituted alkoxy. and W is -NH-C(0)-CR'R-. 



14. The muliibinding compound of claim 13, wherein: 

Ar is selected from 2.6-dimeihylphenyl-, o-iolyl, and 4-{0-[(CH.)„-C(0)-0]„ 
30 R}-2,6-dimeihylphenyl-, where n is an integer equal lo 1 to 6, m is 0 or 1, and R is C, 
alkyl; and 
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W at each occurrence is -NH.C(0)-CH,-, -NH-C(0)-C*H(CH3)- or -NH- 
C(0)-C*H(CH-,CHjV. where the symbol * denotes a chiral center 

15. The muliibinding compound of claim 1 4, wherein Ar is 2,6-dimelhylphenyl 
5 and W is -NH-C(0>-C*H(CH:CH3). 

1 6. The (R),(R)-enantiomer of the multibinding compound of claim 1 5. 

1 7. The (S),(S)-enaniiomer of the multibinding compound of claim 1 5. 

10 

1 8. The (S),(R)- stereoisomer of the multibinding compound of claim 1 5. 

1 9. The multibinding compound of claim 14, wherein one of said Ar-W groups is 
2.6-d.methylphenyl-NH-C(0)-CH:- and lae other of said Ar-W groups is o-tolyl-NH- 

15 C(O)-C*H(CH0-- 

20. The multibinding compound of claim 14, wherein one of said Ar groups is 
2.6-dimclhylphenyl-. the other of said Ar is o-lolyl. and W is -NH-C(O)- 
C*H(CH:CH3). 

20 

21. The multibinding compound of claim 6, having the structure of Formula lb. 
wherein: 

Z is a group -NR-. where R is alkyl: 
is alkylene: and 
25 Y*" is a covalent bond. 

22. The multibinding compound of claim 21. wherein R is methyl or eihvK Y" is 
C:- Cs alkylene. Ar is 2,6-dimethylphcnyl. one of said W groups is -NH-C(0)-CH^- 
and the other of said W groups is -NH-C(0)-C*H(NR^R**). where R' and R'' are both 

30 alkyl. 
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23. The (S) isomer of the multibinding compound of claim 22, wherein R, and 
R*» are methyl and is -(CH,),. 

24. The (R) isomer of the muhibinding compound of claim 22, wherein R, R* and 
5 R^ are methyl and Y* is '(CH,)y. 

25. The (S) isomer of the multibinding compound of claim 22, wherein JL R' and 
R^ are ethyl and Y^ is -(CH,),-. 

10 26. The (R) isomer of the multibinding compound of claim 19, wherein R. R=* and 
R*> are ethyl and Y' is -(CH.),-. 

27, A compound of the formula, 

1 5 {Ar-W)'-Linker-(W-Ar)-^ 

wherein (Ar-W)', Linker, and (W-Ar)- are set forth as listed in Table 2. 

28. A pharmaceutical composiiion comprising a pharmaceutically acceptable 
20 excipient and a therapeutically effective amount of one or more multibinding 

compounds represented by Formula 1. 

(L),(X), (1) 

25 and pharmaceutically acceptable salts thereof: 
wherein: 

each L is a liizand thai may be the same or different at each occurrence; 
each X is a linker that may be the same or different at each occurrence: 
p is an integer of from 2 to 10; and 
30 q is an integer of from 1 to 20; 

-130- 



BNSDOClD <WO_..995l56&Al I > 



wo 99/51565 PCT/US99/07263 

wherein each of said ligands comprises a ligand domain capable of binding to 
a voltage-gated Na' channel of a cell in a mammal, thereby inhibiting the generation 
and conduction of action potentials by said cell and modulating the diseases and 
conditions resulting therefrom. 

5 

29. The pharmaceutical composition of claim 28, wherein said multibinding 
compound or compounds is capable of producing local anesthesia upon binding to a 
voltage-gated Na' channel of a nerve mediating the conduction of impulses in a 
mammal. 

10 

30. The pharmaceutical composition of claim 29, wherein each of said ligands 
independently comprises a group of Formula (A): 

Ar-W- (A) 

15 wherein: 

Ar represents an aryl, heterocyclyl or heteroaryl group; and W is selected from 
a covaleni bond. -[CR'R-],-. - (CR'R-),C(0)-. -C(0)0[CR'Ra - , - 0C{0)( CR'R-L 
-0-[CR'R-lC(0)-. -C(0)-NH-[CR'R-]r^ and -NH-C(0)[CR'R-]r , where r is an 
integer of 0 to 10, and R' and R- are independently alkyU substituted alkyl or a 
20 group -NR'R^-, where R' and are both alkyL 

3 1 . The pharmaceutical composition of claim 30, wherein each linker X is 
independently selected from a structure of: 

25 (a) Formula II: 

.N(RM-Z-N(R')- (II) 

wherein: 

Z is alkylcnc. substituted alkylene, (alkylene 0),-alkylene, where w is an 
integer of 1 to 10. or alkcnylene; and 
30 R^ and R-* are independently hydrogen, alkyl. substituted alkyl. aralkyl. a 

ligand, an X-ligand group, or R^ and R^ may independently form together with Z and 
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the nitrogen atoms to which they are bound an N-containing heterocyclic ring 
optionally containing an additional I to 4 heteroatoms selected from O, S, SO,, SO 
and NR", where R" is a ligand, hydrogen, alkyi and substituted alkyl; 

5 (b) Formula III: 

-Y'-Z'-Y**- (III) 

wherein: 

T is a heierocycle, aryl, heteroaryl, a crown compound having at least two 
unsubstituted ring nitrogens or a group -NR-, where R is alkyl; 
10 Y^ and Y^ are independently a covalent bond, alkylene, substituted alkylene, 

(alkylene-0),,-alkylene, where w is an integer of 1 to 1 0, or -C{OHCH,)„-NR-, where 
R is hydrogen or alkyl. and n is an integer of 1 to 10; 

(c) Formula IV: 

1 5 -N'(R^)(R')-Z"-N7R^y(R«)- (IV) 

wherein; 

Z" is alkylene or substituted alkylene; and 

R^ . R' , R' and R' are independently alkyl, substituted alkyL aralkyl, or a 
ligand, and optionally one of R' and R* is not present: and 

20 

(d) Formula V: 

-X--Z'MY^-r").-X'- (V) 

wherein: 

V is an integer of 0 to 20: 
25 X* at each separate occurrence is independently alkylene. substituted alkylene. 

alkenylene. substituted alkenylene, alkynylene, substituted alkynylene, -0-, -S-. 
-S(0)-, -S(0):-. -NR-. -N- R R -C(Oh, -C(0)0-. -C(0)NR-, •NRC(OK -C(S)-, - 
C(S)0-. -C(S)NR- or a covalent bond, where R and R at each separate occurrence are 
independently as defined below for R' and R**; 
30 Z'" is at each separate occurrence independently selected from alkylene, 

substituted alkylene, (alkylene-0),,-alkylene, where m- is an integer of 1 to 10, 
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alkylalkoxy, cycloalkylene, subsiituted cycloalkylene, alkenylene. substituted 
alkenylene. alkynylene, subsiituted alkynvlene, cycloaJkenylene, subsiituted 
cycloalkenylene, arylene, substituted aiylene, heteroarylene. substituted 
heieroarylene. heterocyclene. substituted heterocyclene, crown compounds, or a 

5 covalent bond; 

V at each separate occurrence is independently selected from -0-. NR'. S. 

-C(0)-(CH3)„-NR'-. -NR*-(CH,)„ C(0)-. -NR'-C(0)-NR'-, -0-C(0)-0-. 

-NR'-C(=NR')-, -C(=NR')-NR'-, -NR'C(0)-0-, .N=C(X')-NR'-. -P{0):(OR')-0-, - 

S(0)„-CR'R"-, -S(0)„-NR'-, S-S- and a covalent bond; where « is 0, 1 . or 2; and 
10 R. R' and R" at each separate occurrence are selected from hydrogen, alkyl, 

substituted alkyl. cycloalkyl. substituted cycloalkyl, alkenyl, substituted alkenyl. 

cycloalkenyl, substituted cycloalkenyl, alkynyl, substituted alkynyl. aryl, heieroaryl 

and heterocyclic. 

1 5 32. The pharmaceutical composition of claim 31, wherein;; is an integer of from 2 
to 4. and q is less than p. 

33. The pharmaceutical composition of claim 32, wherein said multibinding 
compound or compounds has a structure selected from: 
20 (a) Formula la 

Ar-W-N^ ^N^-Ar 

where Ar and W have the dennhions provided above for formula A, and R\ R* and Z 
25 have the meanings given in Formula II above; 

(b) Formula lb 

Ar-W- Y'-Z*-Y^-W-Ar (lb) 

30 
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where Ar and W have the definitions provided above for formula A, and Y*. Y** and Z' 
have the meanings given in Formula III above; and 



(c) Formula Ic 



Ar-W-N-^ N-W-Ar 



where Ar and W have the definitions provided above for formula A, and R^', R'*', R', 
10 R' and Z" have the meanings given in Formula IV above. 

34. The pharmaceutical composition of claim 33, wherein each ligand group Ar- 
W- is independently selected from: 

2.6-dimethylphenyl-NH-C(0)-CH,-; 
1 5 2.6-dimethylphcnyl-NH-C(0)-CH((CH2),CHj)-; 

2,6-dimeihylpheny!-NH-C(0)-; 

(S)-2.6-dimethylphenyl-NH-C(0)-CH(CH,CHj)-; 

(R)-2,6-dimethylphenyl-NH-C(0)-CH(CHjCHj)-; 

o-tolyl-NH-C(0)-CH(CH,CH3).; 
20 <M0lyl-NH-C(0)-CH(CH3)-; 

o.tolyl-NH-C(0)-CH:-; 

4-[.C(0)-0-(CH,):-N(CH,CH5);]-phenyl-; 

4-[.C(0)-NH-(CH:):-N(CH:CHj),]-phenyl-; 

4-[-C(0)-NH(CH3)]-phenyl-; 
25 4-[.C(0)-0-(CH>);-N(CH3),)-phenyl-; 

4-[-C(0)-0-CH,CH3]-2.6-dimethylphenyl-NH-C(0)-CHj-: 

4-[-C(0)-0-CH,]-2,6-dimethylphenyl-NH-C(0)-CH(CH>CHj)-; 

4-f-C(0)-0-CH,]-2-methylphenyl-NH-C(0)-CH(CH,CH,)-; 

4.[C(0)-0-CH,)-2.6-dimethylphenyl-NH-C(0)-CH(CHjCH,)-; 
30 4-aminophenyl-C(0)-: 

4-butylaminophenyl-C(0)-; 
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2.6-dimethylphenyl-0-C(OKH:-; 

phenyl-{CH.,)j-; 
phenyl-C(0)-(CH,):-; 

4-[-NH-C(0)-CH,-N(CHXH3)i]-3,5-dimethylphenyl-0-CH,-C(Oh; 

5 4-aniinophenyl-C(0)-0-(CH,)2-; 

4-methoxyphenYl-NH-C(0)-CH2-; 
2-methylphenyl-NH-C(0)-CH,-; 

phenyl-NH-C(0)-CH.-; 

4-chloropheny!-NH-C(0)-CHy: 
1 0 2 -methy l-4-meihoxypheny 1-N H-C(0 )-CH2- ; 

2-methyl-4-chlorophenyl-NH-C(0)-CH,-; 

2-methylphenyl-NH-C(0)-CH(CH5)-; 

2-methylphenyl-NH-C(0)-CH{CH,CH3)-: 

phenyl-(CH0rC(O)-: 
15 4-nitrophenyl-C(0)-0-(CHi)r; 

2-chloro-4-niirophenyi-C(0)-0-(CH,),-; 

(S^2.6-dimethylphenyl-NH-C(0)-CHCN(CH3),)-; 

(R)-2.6-dimethyIphenyl-NH-C(0)-CH(N(CHj),)-; 

(S)-2.6-dimethylpheny!-NH-C(0)-CH(N(CH,CH3),)-; 
20 (R)-2.6-dimethylphcnyl-NH-C(0)-CH(N(CH,CH3)2)-; 

4-!0-f(CH:)„-C(0)-0]„R;-2.6-dimethylphenyl-NH-C(0)-CHR'-. where n is 

an imegcr equal to 1 to 6. m is 0 or 1 . R is C,-Ch alkyl. and R' is H or allcyl: 

2-ethyl-6-methylphcnyl-NH-C(0)-CH(CH:CH3)-: 

:.4.6-irimethylphenyl-Cl I(CH:CHj)-C(0)-NH-: and 
25 2-clhyi-6-methylphcnyl-N}l-C(0)-CH;-. 

35. A pharmaceuiical composition comprising a pharmaceuiically acceptable 
excipieni and a therapeutically etfeciivc amount of one or more multibinding 
compounds 
30 of the formula. 
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(Ar-W)'-Linker-(W.Ar)- 
wherein (Ar-W)', Linker, and (W-Ar)- are set forth as listed in Table 2. 
5 36. A method of preparing a muliibinding compound represented by formula I: 

(L)p(X), (I) 

wherein each L is a ligand thai may be the same or different at each occurrence; 
10 X is a Hnker that may be the same or different at each occurrence; 

p is an integer of from 2 to 10; and 
^ is an integer of from 1 to 20: 

wherein each of said ligands comprises a ligand domain capable of binding to 
a volt:'ge gated Na* channel, said method comprising: 
1 5 (a) providing at least p equivalents of a ligand L or precursors thereof and at 

least q equivalents of linker or Hnkers X: and 

(b) covaienily attaching said ligands to said linkers to produce a muliibinding 
compound: or 

(b") covaiently attaching said ligand precursors to said linkers and completing 
20 the synthesis of said ligands thereupon, thereby to produce a multibinding compound. 

37. The method of claim 36. wherein p is an integer of from 2 to 4. and q is less 
than p. 

25 38. A compound having a formula selected from Formula la, lb or Ic. wherein at 

least one Ar group is subsiiiuied vviih -C(0)OR or .jO-(CH,VC(OhOR}-, where n 

is an integer equal to I to 6. and R is hydrogen or a cation. 

39. The compound of claim 38 for usv; as an intermediate in the synthesis of 
30 compounds of Formula 1. 
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40- A method for producing local anesthesia or analgesia in a mammal, which 
method comprises administering to a mammal in need of such treatment a 
therapeutically effective amount of a pharmaceutical composition comprising a 
pharmaceuiically acceptable excipient and one or more multibinding compounds 
5 represented by formula 1, 



(L)p(X), (I) 



and pharmaceutical ly acceptable salts thereof. 
1 0 wherein 

each L is a ligand that may be the same or different at each occurrence; 

X is a linker that may be the same or different at each occurrence; 

p is an integer of from 2 to 10; and 

q is an integer of from 1 to 20; 
\ 5 wherein each of said ligands comprises a ligand domain capable of binding to a 
voltage-gated Na" channel of a cell mediating the conduction of nerve impulses in a 
mammal, thereby blocking the conduction of said impulses and producing local 
anesthesia or analgesia. 

20 41. A method for producing local anesthesia or analgesia in a mammal, which 
method comprises administering to a mammal in need of such treatment a 
therapeutically effective amount of a pharmaceutical composition comprising a 
pharmaceutically acceptable excipient and one or more multibinding compounds 
represented by formula I. 

25 

(LV(X), (1) 



and pharmaceutically acceptable salts thereof, 
wherein 

30 each L is a ligand that may be the same or different at each occurrence; 

X is a linker thai may be the same or different at each occurrence; 
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p is an integer of from 2 to 1 0; and 

^ is an integer of from I to 20; 
wherein each of said ligands comprises a iigand domain capable of binding lo a 
voliage-gaied Na' channel of a cell mediating the conduction of nerve impulses in a 
mammal, thereby blocking the conduction of said impulses and producing local 
anesthesia. 

42. The method of claim 4 1 , wherein /? is an integer of from 2 to 4 and ^ is less 
than p, 

43. The method of claim 42, wherein said multibinding compound or compounds 
have a structure selected from: 

(a) Formula la 

Ar-W-N' N-W-Ar ^^^^ 



where A\r and W have the definitions provided above for formula A, and R\ R"* and Z 
have the meanings given in Formula II above; 

(b) Formula lb 

Ar-W-Y^-Z"-Y'-W-Ar (lb) 

where Ar and W have the definitions provided above for formula A, and Y\ and Z' 
have the meanings given in Formula 111 above; and 



(c) Formula Ic 



Ar-W-N N-W-Ar 
R^'/ R' R^ R' 



-138- 



wo 99/51565 



PCT/US99/07263 



where Ar and W have the definitions provided above for formula A. and RKR* . R'- 
R* and Z" have the meanings given in Formula IV above. 

44. The method of claim 43, wherein each ligand group Ar-W- is independently 

5 selected from: 

2.6-dimethylphenyi-NH-C(0)-CH:-; 

2.6-dimethylphenyl-NH-C(0).CH((CH,)3CH3)-; 

2.6-dimethylphenyl-NH-C(0)-; 

(S)-2.6-dimethylphenyl-NH-C(0)-CH(CH,CH3)-; 
10 (R)- 2.6-dimethylphenyl-NH-C(0)-CH(CH,CHj)-; 

^^-tolyl-NH-C(0)-CH(CH,CH5)-; 

o-tolyl-NH-C(0)-CH(CH3)-; 

o-tolyl-NH-C(0)-CH,-; 

4-[-C(0)-0-(CH,)rN(CH,CHj),]-phenyl-; 
1 5 4-[-C(0)-NH-(CH, ):-N(CH,CH3),]-phenyl-; 

4-[-C(0)-NH(CH3))-phenyi-; 

4-[-C(0)-0-(CH3),-N(CH3),]-phenyl-: 

4-(-C(0)-0-CH:CH3]-2.6-dimethylphenyl-NH-C(0)-CH,-; 

4-f-C(0)-O-CH3]-:.6-dimethyiphenyl-NH-C(O)-CH(CH,CH3)-; 
20 4-[-C(0)-0-CH;]-2-methylphenyl-NH-C(0)-CH(CH,CH3)-; 

4-[C(0)-0-CH;]-2.6-dimethylphenyl-NH-C(0)-CH(CHjCH5)-; 

4-aminophenyl-C(0)-: 
4-butylaminophcnyl-C(0>-: 
2.6-dimethylpheny!-0-C(0)-CH:-: 
25 phenyl-(CH,),-: 

phenyl-OOHCHO:-; 

4-[-NH-C(0)-CM:-N(CHX'H5),]-3.5-dimeihylphenyl-0-CH,-C(0)-; 

4-aminophenyi-C{0)-0-(CH;):-; 
4-meihoxyphenyl-NH-C(0)-CH:-; 
30 2-melhylphenyl-NH-C(0)-CH,-; 
phenyl-NH-C(0)-CH,-: 
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4-chlorophenyl-NH-C(0>-CH.-; 

2-meihyI-4-methoxyphenyl-NH-C(0)-CH:-: 

2-methyl-4-chlorophenyl-NH-C(0)-CH:-; 

2-methylphenyl-NH-C(0)-CH(CH3)-; 
5 2.methylphenyl-NH-C(0)-CH{CH:CH3)-; 

phenyl-{CH3)_,-C(0)-: 

4-nilrophenyl-C(0)-0-(CH2),-; 

2-chloro-4-nilrophenyl-C{0)-0-(CH,),-; 
(S;-2.6-dimelhylphenyI-NH-C(0)-CH(N(CH3)2)-; 
10 (R)-2.6-dimeihylphenyl.NH-C(0)-CH(N(CH3)2)-; 

(S)-2.6-dimethylphenyI-NH-C(0)-CH(N(CH:CH3)2)-; 
(R)-2.6-dimethylphenyl-NH-C(0)-CH(N(CH:CH3)2).; 
4.{O-[(CH_0„-C(O)-O]^R}-2.6-dimethylphenyI.NH-C(O)-CHR'-, where n is 
an integer equal to 1 to 6, m is 0 o. U R is Cj-Q alkyl. and R' is H or alkyl: 
15 2-ethyl-6-methylphenyl-NH-C(0)-CH(CH:CH3)-: 
2,4,6-irimethylphenyl-CH(CH,CH3)-C(0)-NH-; and 
2-ethyl-6-meihylphenyl-NH-C(0)-CH,., 

45. The method of claim 44, wherein said multibinding compound produces local 
20 anesthesia in a mammal lasting for about 6 to about 36 hours. 

46. The method of claim 45. wherein the systemic toxicity of said multibinding 
compound relative to conventional monovalent (i.e., unlinked) anesthetics 

is greatly reduced by the presence of the substitutent -[0-(CH2)„-C(0)-0R], where n 
25 is an integer equal to 1 to 6 and R is CVC\ alkyl. in one or more ligand groups Ar-W-. 

47. A method for producing local anesthesia or analgesia in a mammal, which 
method comprises administering to a mammal in need of such treatment a 
therapeutically effective amount of a pharmaceutical composition comprising a 

30 pharmaceuiically acceptable cxcipient and one or more multibinding compounds of 
the formula: 
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(Ar-W)'-Linker-(W-ArV 

wherein (Ar-W)'. Linker, and (W-Ar)- are set forth as listed in Table 2. 



-141- 



BNSDOCID *WC ,996l565Al_t > 



wo 99/51565 



PCT/US99/07263 



FIGURE lA 




(From Aidley and Staniield, Ion Channels (Cambridge University Press, 1996) 
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FIGURE 6 
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FIGURE 7 
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FIGURE 8 
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FIGURE 10 
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NOVEL LOCAL ANESTHETIC COMPOUNDS AND USES 

Cross Rgferenqg to R^l^igd Applicplions 

This application claims the benefit of United States Provisional Serial 
5 Numbers 60/080,53 1 , filed April 3, 1998, and 60/122,075, filed March !, 1999, both 
of which are incorporated by reference in their entirety. 

Field 9f thg Invgrnipn 

This invention relates to novel multibinding local anesthetic compounds that 

1 0 bind to voltage-gated Na' ion channels and thereby modulate their activity. The 

compounds of this invention comprise at least two ligands covalentiy connected by a 
linker or linkers, wherein at least one of the ligands in its monovalent (i.e. unlinked) 
state binds to and is capable of modulating the activity of a voltage-gated Na ion 
channel. The ligands are linked together such that the multibinding compounds thus 

1 5 formed demonstrate a biologic and/or therapeutic effect on processes mediated by 
voltage-gated Na* ion channels that is greater than that of the same number of 
unlinked ligands made available for binding to the channels. In one preferred 
embodiment, the compounds of the present invention are capable of producing local 
anesthesia of longer duration than are the corresponding unlinked monovalent ligands. 

20 The invention also relates to methods of using such compounds and to methods of 
preparing them. 

These multibinding local anesthetic compounds are particularly useful in 
treating conditions and diseases that require pain control. Accordingly, this invention 
25 also relates to pharmaceutical compositions comprising a pharmaceutically acceptable 
excipient and an effective amount of a compound of this invention. 
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BACKGROUND 

State of the Art 

Action potentials are generated in nerve and muscle cells by ion currents that 
5 pass selectively across plasma membranes through transmembrane ion channels. 
Local anesthetics exert their effects by specifically binding to Na* channels, thereby 
inhibiting Na" currents and causing the blockade of Na* channel-dependent impulse 
conduction. The necessary practical advantage of local anesthetics is that their action 
is reversible at clinically relevant concentrations and their use is followed by complete 
10 recovery of nerve and muscle function with no evidence of damage to nerve fibers or 
cells. 

Ion channels are formed by the association of integral membrane proteins into 
a structure having a central hydrophilic pore. The structure of the voltage-gated 
sodium ion channel has been extensively studied (reviewed by fVA Catterall Annti 

15 Rev. Biochem. 64: 493-531 (1995)). The channel consists of a complex of one a- and 
2P- subunits. Figure 1 A illustrates the general features of the channel. The a- subunit 
is the pore-forming subunit, contains a voltage sensor and contains specific binding 
sites for local anesthetic drugs. This subunit consists of a polypeptide chain with four 
homologous domains (MV), each domain comprising 6 membrane-spanning protein 

20 helices (S 1 -S6). This subunit is flanked at the outer surface of the membrane by two 
P-subunits, which are heavily glycosylated and which interact with the lipid bilayer in 
which the channel is embedded. The chain is topologically similar to the P, chain, 
but is not shown in the figure. 

Ion channels are characterized by their gating and selectivity properties. 

25 Selectivity refers to the rate at which different ion species pass through an open 

channel under standard conditions. The Na' channel pore is selectively permeable to 
Na\ which passes through the channel at rates that are diffusion-limited, and which 
equilibrates according to the electrochemical gradient across the membrane. Gating is 
the process that regulates the opening and closing of an ion channel. The voltage- 

30 gated Na* channel opens and closes in response to changes in membrane potential. 
When the membrane is depolarized (i.e., the membrane potential becomes less 
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negative ), ihe "resting" channel transitions through closed intermediate states to 
become an "open" Na'-conducting channel. With time, the channel closes and 
becomes "inactivated" (i.e., refractory to reopening ). The channel recovers its ability 
to respond to a depolarizing stimulus by returning to the "resting state" after an 
5 interval of time. 

There is considerable evidence that the channel itself is a specific receptor for 
local anesthetics. As mentioned above, the Na^ channel contains specific binding 
sites for local anesthetic drugs, which exhibit stereoselectivity. Figure IB shows a 
highly schematic representation of the Na* channel illustrating differences in the 

10 binding sites for different classes of Na* channel modulators and blocking agents, as 
is currently understood. 

The binding sites for neurotoxins, such as saxaloxin and tetrodotoxin (TTX), 
and scorpion and anemone toxins (ScTx) are thought to be located at the outer mouth 
of the channel pore. This region includes binding sites for cations, e.g. ammonium 

15 ions, as well. 

Other, more lipid soluble toxins, such as batrachotoxin (BTX), veratridine, and 
aconitine, bind within the channel and act to spontaneously open the channel and/or 
prevent it from closing normally. Current understanding of neuronal sodium channels 
indicates that binding sites for "classical" local anesthetics (LA), such as lidocaine, as 

20 well as lipophilic quaternary ammonium ion charmel blockers, may lie within the 
iniemal region of the channel, as shown. This binding site is understood to be 
allosterically linked to the BTX binding site. Lipophilic binding domains are found at 
the innermost region of the channel. 

It has been suggested that tertiary amine drugs may have two binding sites on 

25 the channel, a first site located near the pore that preferentially binds charged species 
and a second site that binds neutral species. The binding of an anesthetic molecule to 
the first site would block ion permeation through the pore, while the binding to the 
second site would act to prevent conformational changes that are required for channel 
opening (GR Strichartz. Chapter 2. In: Neural Blockade in Clinical Anesthesia and 

30 Management of Pain, Third Edition, (MJ Cousins and PO Bridenbaugk 
Eds.),Lippincott-Raven Publishers. Philadelphia(I998)), 
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The inhibitory effect of certain local anesthetics is enhanced by membrane 
depolarization. This effect is attributed to a higher affinity of these local anesthetics 
for inactivated channels than for resting channels. Repetitive depolarizations 
potentiate anesthetic activity by *'use-dependent" (phasic) block such that an 
5 increasing number of channels become stabilized in the non-conducting state. 

The duration of action of a local anesthetic is proportional to the time during 
which it is present at effective concentrations in contact with the nerve, or, more 
precisely, the ion channel{s). The effect of most currently used local anesthetics tends 
to be short-lived as a result of dissociation from and diflRision away from the intended 

10 site of action; therefore, repeated doses must be administered for a prolonged effect. 
Undesired side effects of local anesthetics are largely a function of systemic 
concentrations of the drug resulting from such diffusion. These effects include 
paralysis of cardiac and smooth muscle systems, or undesired stimulation of the CNS, 
Because of these serious side effects, the quantity of drug administered must be 

1 5 carefully controlled. 

Consequently, local anesthetic compounds having properties that allow 
effective concentrations to be maintained at the intended local site of action would be 
useful for prolonging the duration of action, thereby enhancing the clinical utility of 
local anesthetics in pain management and mitigating untoward toxic effects resulting 

20 from systemic concentration of the drug. 

SUMMARY OF THE INVENTION 

This invention provides novel multibinding compounds that are useful as 
25 inhibitors of voltage-gated Na" channels and are effective as local anesthetics. 

Accordingly, one aspect of this invention is directed to multibinding compounds of 
Formula I: 

(L)p(X), I 

30 and pharmaceutical I y acceptable salts thereof; 

wherein: 
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each L is a ligand that may be the same or different at each occurrence; 
each X is a linker that may be the same or different at each occurrence; 
p is an integer of from 2 to 10; and 
9 is an integer of from 1 to 20; 
5 wherein each of said ligands comprises a ligand domain capable of binding to 

a voltage-gated Na* channel of a cell. 
Preferably q<p. 

Preferably, each of said ligands is capable of inhibiting the generation and 
conduction of action potentials by said cell. More preferably, each of said ligands 
10 independently comprises a group of Formula (A): 

Ar-W- (A) 

wherein: 

Ar represents an aryl, heterocyclyl or heteroaryl group; and W is selected from 
15 a covalent bond, -(CR'R-J,-, - [CR'R-],C(0)-. 

-aO)0[CR'R-], - , -OCfO)[ CR'R^), -O-[CR»R-],C(0)-. .C(0).NH-[CR'R-]r. and 
-NH-C(0)[CR'R-1 , where r is an integer of 0 to 10, and R* and R- are 
independently H, alkyl, substituted alkyl or a group -NR*R*»-. where R* and R^ are 
both alkyl. 

20 

Preferably each divalent linker X is independently selected from a structure of: 
(a) Formula II: 

-N(R^).Z-N(R')- (II) 

wherein: 

25 Z is alkylene. substituted alkylene, (alkylene OX,-alkylene where w is an 

integer of 1 to 10, or alkenylene; and 

and R-* are independently hydrogen, alkyL substituted alkyl, aralkyl, a 

ligand. an X-ligand group, or ?? and R^ may independently form together with Z and 

the nitrogen atoms to which they are bound an N-coniaining heterocyclic ring 
30 optionally containing an additional 1 to 4 heteroatoms selected from O, S, SO^;, SO. 

and NR", where R" is a ligand, hydrogen, alkyl or substituted alkyl; 
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(b) Formula III: 

-Y'-Z'-Y**- (III) 

wherein: 

Z' is a heterocycle, aryl, heteroaryU a crown compound having at least two 
5 unsubstiluted ring nitrogens or a group -NR-, where R is alkyl; 

Y* and Y** are independently a covalent bond alkylene, substituted alkylene, 
(alkylene-O)^-alkylene where w is an integer of 1 to 10, or -C(OHCH2)„-NR-, where 
R is hydrogen or alkyl and w is an integer of 1 to 10; 

(c) Formula IV: 

-N'(R^)(R>Z"-N7R'')(R')- (IV) 

wherein: 

Z" is alkylene or substituted alkylene; and 

, R"* , R' and R* are independently aikyl, substituted alkyl, aralkyl, or a 
ligand, and optionally one of R^ and R^ is not present; and 

(d) Formula V: 

.X'-Z'"-(Y'-Z"'),-X'- (V) 

wherein: 

V is an integer of 0 to 20; 

X' at each separate occurrence is independently alkylene, substituted alkylene. 
alkenylene, substituted alkenylene, alkynylene, substituted alkynylene, -0-, -S-, 
-S(0)., -5(0):-, -NR-, -N* R R -C(0)-. -C(0)0-. -C(0)NR-, -NRC(O)-. -C(S)-, 
-C(S)0% -C(S)NR- or a covaient bond, where R and R at each separate occurrence 
are independently as defined below for R' and R"; 

Z'" is at each separate occurrence independently selected from alkylene, 
substituted alkylene, (alkylene-0),, -alkylene where w is an integer of 1 to 10, 
alkylalkoxy, cycloalkylene, substituted cycloalkyiene, alkenylene, substituted 
alkenylene, alkynylene, substituted alkynylene, cycloalkenylene, substituted 
cycloalkenylene, aryiene. substituted arylene. heteroarylene, substituted 
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heteroarylene. heterocyclene. substituted heterocyclene, crown compounds, or a 
covalent bond; 

Y' at each separate occurrence is independently selected from -0-, NR', S, 
-C(OHCHj)„-NR'-, -NR-(CH,). C(0)-. -NR'-C(0)-NR-. -0-C(0)-0-, 
5 -NR'-C(=NR')-. -C(=NR>NR'-. -NRC(0)-0., -N=C(X')-NR'-. -P(0),(OR>0-. - 
S(0)„-CR*R"-, -S(0)„-NR'-, S-S- and a covalent bond; where n is 0, 1, or 2; and 

R. R' and R" at each separate occuirence are selected from hydrogen, alkyl, 
substituted alkyl. cycloalkyl. subsUtuted cycloalkyl, alkenyl, substituted alkenyl, 
cycloalkenyl, substituted cycloalkenyl. alkynyl, substituted alkynyl, aryl. heteroaryl 
10 and heterocyclic. 

It is understood, of course, that trivalent linkers will have an addiuonal linking 
point such as shown in Figure 4. 

1 5 Preferably, this invention is directed to multibinding compounds of Formula 

1. wherein p is an integer of from 2 to 4. and q is less than;?. Most preferred are 
multibinding compounds having a structure selected from: 



20 



(a) Formula la 



Ar-W-N ^N— W-Ar (la) 



where Ar and W have the definitions provided above for formula A, and R^ R' 
25 and Z have the meanings given in Formula II above; 

(b) Formula lb 

Ar-W-Y'-Z'-V'-Ar (lb) 

30 
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where Ar and W have the definitions provided above for formula A. and Y\ 
Y" and Z' have the meanings given in Formula III above; and 



(c) Formula Ic 

Ar-W-N "N-W-Ar 



R« R* 



where Ar and Whave the definitions provided above for formula A, and R\ 
10 R^ , R', R' and Z" have the meanings given in Formula IV above. 

In presently preferred embodiments, each ligand group Ar-W- is 
independently selected from: 

2.6-dimeihylphenyl-NH-C{0)-CHj-; 
1 5 2,6-dimethylphenyl-NH-C(0)-CH((CH2),CH3)-; 

2.6-dimethylphenyl-NH-C(0>; 

(S)-2,6-dimethylphenyl-NH-C(0)-CH(CH,CH3)-; 

(R)- 2,6-dimethylphenyl-NH-C(0)-CH(CH,CH,)-; 

o-iolyl-NH-C(0)-CH(CH3CH3)-: 
20 o-lolyl-NH-C(0)-CH(CH3)-; 

o-tolyl-NH-C(0)-CH,-; 

4-[-C(0)-0-(CH:):-N(CH:CH3),]-phenyl-; 

4-[-C(0)-NH-(CH,),-N(CH,CH3)2]-phenyl-; 

4-l-C(0)-NH(CH3)]-phenyl-; 
25 4-[.C(0)-0-(CH,),-N(CH3),)-phenyl-; 

4-(-C(0)-0-CH:CH3]-2.6-dimethylphenyl-NH-C(0)-CH2-; 

4-[-C(0)-0-CH3]-2,6-dimelhylphenyl-NH-C(0)-CH(CHXHj)-; 

4.[-C(0)-O.CH,]-2.methylphenyl-NH-C(0)-CH(CH5CH3)-: 
4-[C(0)-0-CH3)-2,6-dimethylphenyl-NH.C(0)-CH(CH,CHj)-; 
30 4-aminophenyl-C(0)-; 

4-butylaminophenyl-C(0)-; 
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2.6-dimethylphenyl-0-C(0)-CH,-; 

phenyl-(CHj)j-; 

phenyl-C(OHCH,),-; 

4-[-NH-C(0)-CH,-N(CH:CH3),)-3,5-dimethylphenyI-0-CH,-C(0)-; 

5 4-aminophenyl-C(0)-0-(CHj),-; 

4-methoxyphenyl-NH-C(0)-CH3-; 

2-methyIphenyl-NH-C(0)-CH,-; 

phenyI-NH-C(0)-CH,-; 

4-chlorophenyl-NH-C(0)-CHr; 
1 0 2-methyl-4-methoxyphcnyl-NH-C(0)-CH2-; 

2-methyl-4-chlorophenyl-NH-C(OKHr; 

2-mcthylphenyl-NH-C(0)-CH(CH.)-: 

2-methylphenyl-NH-C(0)-CH(CH,CH3)-; 

phenyl-(CH,),-C(0)-: 
15 4-nitrophenyl-C(0)-0-(CH,),-; 

2-chloro-4-nitrophenyl-C(0)-0-(CHn)3-; 

(S;-2.6-dimethylphenyl-NH-C(0)-CH(N(CHj),)-; 

(R)-2.6-dimethylphenyl-NH-C(0)-CH(N(CH3)2)-; 

(SV2.6-dimethylphenyl-NH-C(0)-CH(N(CH,CH3),)-; 
20 (R)-2.6-dimethylphenyi-NH-C(0)-CH(N(CH,CHj),)-; 

4-{0-f(CH,)„-C(0)-0]„R}-2.6-dimethylphenyl-NH-C(0)-CHR'-, where n is 

an integer equal to 1 to 6. m is 0 or I. R is C.-Cj alkyl, and R' is H or alkyl: 

2-ethyI-6-methylphcnyl-NH-C(0)-CH(CH,CH3)-; 

2.4.6-trimethylphcnyl-CH(CH,CH,)-C(0)-NH-;and 
25 2-ethyl-6-methylphenyl-NH-C(0)-CH:-. 

Preferred muliibinding compounds of this invention include by way of 
example compounds listed in Table 2 ( Preferred F mhodimentsy 
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Another aspect of the invention is directed to a pharmaceutical composition 
comprising a pharmaceutically acceptable excipient and a therapeutically effective 
amount of one or more muhibinding compounds represented by Formula I, 

5 (L)p(X), 1 

and pharmaceutically acceptable salts thereof; 
wherein: 

each L is a ligand that may be the same or different at each occurrence; 
1 0 each X is a linker that may be the same or different at each occurrence; 

p is an integer of from 2 to 1 0; and 
^ is an integer of from 1 to 20; 

wherein each of said ligands comprises a ligand domain capable of binding to 

a voltage-gated Na* channel of a cell in a mammal, thereby inhibiting the generation 
1 5 and conduction of action potentials by said cell and modulating the diseases and 

conditions resulting therefrom. 

Such compositions are particularly useful for producing local anesthesia in a 

mammal whereby the mullibinding compounds act upon voltage-gated Na* channels 

of a nerve and thereby interrupt nerve conduction. 
20 Preferably, the pharmaceutical compositions of this invention comprise one or 

more multibinding compounds of Formula 1, wherein p is an integer of from 2 to 4, 

and q is less than p. Most preferably, such compositions comprise bivalent 

multibinding compounds of Formulas la, lb and Ic. 

25 In one of its methods aspects, this invention is directed to a method of 

preparing a multibinding compound represented by formula I: 

(L)p(X), I 

30 wherein each L is a ligand that may be the same or different at each 

occurrence; 
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X is a linker that may be the same or different at each occurrence; 
p is an integer of from 2 to 10: and 
^ is an integer of from 1 to 20; 

wherein each of said ligands comprises a ligand domain capable of binding to 
5 a voltage-gated Na' channel of a cell, said method comprising: 

(a) providing at least p equivalents of a ligand L or precursors thereof and at 
least q equivalents of linker or linkers X; and 

(b) covalently attaching said ligands to said linkers to produce a multibinding 

compound; or 

10 (b') covalently attaching said ligand precursors to said linkers and completing 

the synthesis of said ligands thereupon, thereby to produce a multibinding compound. 
Preferably, /? is an integer of from 2 to 4, and q is less than p. Most preferably, p is 
equal to 2. 

15 Another aspect of the invention is directed to a method for producing local 

anesthesia in a mammal, which method comprises administering to a mammal in need 
of such treatment a therapeutically effective amount of a pharmaceutical composition 
comprising a pharmaceutically acceptable excipient and one or more multibinding 
compounds represented by formula I. 

20 

(L),(X), (I) 

and pharmaceuiically acceptable salts thereof. 

wherein each L is a ligand thai may be the same or different at each 

25 occurrence; 

X is a linker that may be the same or different at each occurrence: 

/? is an integer of from 2 to 10; and 

q is an integer of from 1 to 20; 

wherein each of said ligands comprises a ligand domain capable of binding to 
30 a voltage-gated Na" channel of a cell mediating the conduction of nerve impulses m a 
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mammal, thereby blocking the conduction of said impulses and producing local 
anesthesia. 

A preferred embodiment is the use of pharmaceutical compositions comprising 
5 bivalent compounds of Formulas la, lb and Ic and their pharmaceutically acceptable 
salts to produce local anesthesia of long duration (i.e., from about 6 hours to about 36 
hours). In particularly preferred embodiments, these compositions have greatly 
attenuated or negligible systemic toxicity relative to conventional monovalent (i.e., 
unlinked) anesthetics. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I A depicts a highly schematic illustration of the transmembrane 
topology of the voltage-gated Na' channel (P;* subunit not shown). Tetrodotoxin 
15 binding residues are indicated by small circles between transmembrane segments 5 
and 6; scorpion a-toxin binding sites are indicated by the black rectangles on the 
lines connecting transmembrane segments 5 and 6 (domains 1 and IV) and by ScTx. 

Figure 1 B depicts a diagrammatic representation of the Na* channel 
20 illustrating generally the binding sites for neurotoxins and local anesthetics. 

Figure 2 shows representative clinically used local anesthetics agents. 

Figure 3 shows trivaleni and higher-order valency local anesthetic compounds 
25 of Formula i. 

Figure 4 illustrates representative types of linker cores for use in preparing 
muliibinding compounds of Formula I. 

30 Figure 5 illustrates a method for optimizing the linker geometry for 

presentation of ligands (filled circles) in bivalent compounds: 
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4. phenyldiacetylene core structure 

a. cyciohexane dicarboxylic acid core structure. 

Figures 6- 1 4 depict Reaction Schemes A-T, which illustrate reactions for 
5 preparing the multibinding compounds of this invention. 

DETAILED DESCRIPTION OY THE INVENTION 

Biological systems, in general, are conut)lled by molecular interactions 

1 0 between bioaciive ligands and their receptors, in which the receptor "recognizes" a 
molecule or a portion thereof (i.e.. a ligand domain) to produce a biological effect. 
The voltage-gated Na" channels can be considered to be pharmacological receptors: 
they possess specific binding sites for ligands having antagonist activities; the binding 
of ligands to such sites modulates Na" flux through the channel; and the channel 

1 5 properties are regulatable. Accordingly, diseases or conditions that involve, or are 
mediated by. Na" channels can be treated with pharmacologically active ligands that 
interact with such channels to initiate, modulate or abrogate transport activity. 

The interaction of a Na" channel and a Na* channel-binding ligand may be 
described in terms of "affmity" and "specificity". The "affinity" and "specificity-' of 

20 any given ligand-Na" channel interaction is dependent upon the complementarity of 
molecular binding surfaces and the energetic consequences of complexation (i.e.. the 
net difference in free energy AG between bound and free states). Affinity may be 
quantified by the equilibrium constant of complex formation, the ratio of on/off rate 
constants, and/or by the free energy of complex formation. Specificity relates to the 

25 difference in binding affinity of a ligand for different receptors. 

The net free energy of interaction of a ligand vnth a Na" channel is the 
difference between energetic gains (enthalpy gained through molecular 
complementarity and entropy gained through the hydrophobic effect) and energetic 
costs (enthalpy lost through decreased solvation and entropy lost through reduced 

30 translational. rotational and conformational degrees of freedom). 
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The compounds of this invention preferably comprise 2 to 10 Na* channel- 
binding ligands covalently linked together and capable of acting as multibinding 
agents. Without wishing to be bound by theory, the surprising activity of these 
compounds is believed to arise at least in part from their ability to bind in a 
5 multivalent manner with the Na" channel, which gives rise to a more favorable net 
free energy of binding. Multivalent binding interactions are characterized by the 
concurrent interaction of at least two ligands of a multibinding compound with 
multiple ligand binding sites on a receptor or receptors. Multivalent interactions differ 
from collections of individual monovalent interactions by being capable of providing 
1 0 enhanced biologic and/or therapeutic effect. Multivalent binding can amplify binding 
affinities and differences in binding affinities, resulting in enhanced binding 
specificity as well as affinity. 

As used herein: 

The term "alkyl" refers to a monoradical branched or unbranched saturated 
hydrocarbon chain, preferably having from 1 to 40 carbon atoms, more preferably 1 
to 10 carbon atoms, even more preferably 1 to 6 carbon atoms, such as methyl, ethyl, 
n-propyl, isopropyl, n-bulyl. secondary butyl, tert-butyl, n-hexyl, n-octyl, n-decyl, n- 
dodecyl, 2-ethyidodecyl, letradecyL and the like, unless otherwise indicated. 

The term "substituted alkyl" refers to an alkyl group as defined above having 
from 1 to 5 substituents selected from the group consisting of alkoxy, substituted 
alkoxy, cycIoalkyU substituted cycloalkyl, cycloalkenyL substituted cycloalkenyl, 
acyl, acylamino, acyloxy, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, 
halogen, hydroxy!, keio. thioketo. carboxyL carboxylalkyi, thioaryloxy, 

ihioheieroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryK 
aryloxy, heieroaryl. heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino, 
alkoxyamino. nitro, -SO-alkyl. -SO-aryl, -SO-heieroaryl, -SO^-alkyl, -SO.-aryl. -SO,- 
heteroaryl, and -NR'R^ wherein and R** may be the same or different and are 
chosen from hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, 
alkynyl, aryl, heieroaryl and heterocyclic. 

-14- 
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The tenn "alkylene" refers to a diradical of a branched or unbranched saturated 
hydrocarbon chain, preferably having from 1 to 40 carbon atoms, more preferably 1 
to 10 carbon atoms, even more preferably 1 to 6 carbon atoms. This term is 
exemplified by groups such as methylene (-CH,-), ethylene (-CHjCH,-). the 
5 propylene isomers (e.g., -CHjCH,CHr and -CH(CHj)CHr), and the like. 

The term "substituted alkylene" refers to. 

(1 ) an alkylene group as defined above having from 1 to 5 substituents 
selected from the group consisting of alkoxy, substituted alkoxy, cycloalkyl. 
substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino. 

1 0 acy loxy. aminoacyl, aminoacyloxy, oxyacylamino, azido, cyano. halogen, hydroxyl. 
keto. thioketo. carboxyl. carboxylalkyi, thiol, thioalkoxy, substituted thioalkoxy. aryl, 
aryloxy. thioaryloxy, heteroaryl, heteroaryloxy. thioheteroaryloxy, heterocyclic, 
heterocyclooxy. thioheterocyclooxy, nitro, and -NR•R^ wherein R' and R" may be the 
same or different and are chosen fi-om hydrogen, optionally substituted alkyi, 

1 5 cycloalkyl. alkenyl. cycloalkenyl. alkynyl, aryl, heteroaryl and heterocyclic. 

.Additionally, such substituted alkylene groups include those where 2 substjtuems on 
the alkylene group are fused to form one or more cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl. aryl, heterocyclic or heteroaryl groups fused to 
the alkylene group; 

20 (2) an alkylene group as defined above that is interrupted by 1 -20 atoms 

independently chosen from oxygen, sulfiir and NR"-. where R" is chosen from 
hydrogen, optionally substituted alkyl. cycloalkyl, alkenyl, cycloalkenyl. alkenyl. 
cycloalkenyl. alkynyl. aryl. heteroaryl and heterocyclic, or groups selected from 
carbonyl. carboxyesier. carboxyamide and sulfonyl; and 

25 (3) an alkylene group as defined above that has both from I to 5 substituents 

as defined above and is also interrupted by 1 to 20 atoms as defined above. 
Examples of substituted alkylenes are chloromethylene (-CH(Cl)-). aminoethylene 
(-CHfNH,)CH,-). 2-carboxypropylene isomers (-CHiCH(C03H)CH,-), ethoxyethyl 
(-CH,CH,0-CH3CH:-). ethylmethylaminoethyl (-CH3CH,N(CH3)CH2CH:-). 1- 

30 ethoxy-2-(2-ethoxy-eihoxy)ethane (-CHXH^O-CHjCH^-OCHjCH,- OCH3CH,-). and 
the like. 
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The term "alkaryl" or ^^aralkyP' refers to the poups -alkylene-aryl and substituted 
alkylene-aryl in which alkylene, substituted alkylene and aryl are as defined herein. 
Such alkaryl groups are exemplified by benzyl, phenethyl and the like. 

The term "alkoxy" refers to the groups alkyl-O-. alkenyl-O-, cycloalkyl-O, 
5 cycloalkenyl-O-, and alkynyl-O-, where alkyl, alkenyl. cycloalkyl, cycloalkenyK and 
alkynyl are as defined herein. Preferred alkoxy groups are alkyl-0- and include, by 
way of example, methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-butoxy, 
sec-butoxy, n-pentoxy, n-hexoxy, 1 ,2-dimethylbutoxy, and the like 

The term "substituted alkoxy" refers to the groups substituted aIkyl-0-, 

1 0 substituted alkenyl-O-, substituted cycloalkyl-O-, substituted cycloalkenyl-O-, and 
substituted alkynyl-0- where substituted alkyl, substituted alkenyU substituted 
cycloalkyl, substituted cycloalkenyl and substituted alkynyl are as defined herein. 

The term "alkylalkoxy" refers to the groups -alkylene-O-alkyK 
alkylene-O-substituted alkyl. substituted aIkylene-0-alkyl and substituted alkylene-O- 

1 5 substituted alkyl wherein alkyl, substituted alkyl, alkylene and substituted alkylene 
are as defined herein. Examples of such groups are methylenemethoxy (-CH^OCHj), 
ethylenemethoxy (-CHXH.OCHj). n-propylene-iso-propoxy (- 
CH,CH>CH>OCH(CH3)2), methylenc-t-butoxy (-CH2-0-C(CH3)3) and the like. 
The term '*alkylthioalkoxy*' refers to the group -alkylene-S-alkyl, 

20 alkylene-S-substituted alkyl, substituted alkylene-S-alkyl and substituted alkylene-S- 
substituted alkyl wherein alkyl. substituted alkyL alkylene and substituted alkylene 
are as defined herein. Preferred alkylthioalkoxy groups are alkylene-S-alkyl and 
include, by way of example, methylenethiomethoxy {-CH^SCHO, 
ethylenethiomethoxy i-CH.CH,SCH3). 

25 n-propylene-iso-lhiopropoxy (-CH^CHnCH^SCHCCH^)^), 
methylene-i-thiobutoxy (-CH.SCiCHj)^) and the like. 

"Alkenyl" refers to a monoradical of a branched or unbranched unsaturated 
hydrocarbon preferably having from 2 to 40 carbon atoms, more preferably 2 to 10 
carbon atoms, even more preferably 2 to 6 carbon atoms, and preferably having 1 to 6 

30 double bonds. This term is funher exemplified by such radicals as vinyl, prop-2-enyl, 
pem-3-enyl, hex-5-enyK 5-ethyldodec-3,6-dienyl, and the like. 
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The term "substituted alkenyl" refers to an alkenyl group as defined above 
having from 1 to 5 substiiuents selected from the group consisting of alkoxy, 
substituted alkoxy, acyl, acylamino. acyloxy, aminoacyl, aminoacyloxy, 
oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, ihioketo, carboxyl. 

5 carboxylalkyl, thiol, thioalkoxy, substituted thioalkoxy, aryl, heteroaryl, heterocyclic, 
aiyloxy, thioaryloxy, heteroaryloxy, thioheteroaryloxy, heierocyclooxy, 
thioheterocyclooxy, nitro. -SO-alkyl, -SO-sub5:t-uted alkyl, -SO-aiyl, -SO-heteroaryl, 
-SOralkyl, .SO^substituted alkyl, -SOraryl, -SO-heteroaryl, and. -NR«R\ wherein 
R» and R*' may be the same or different and are chosen from hydrogen, optionally 

10 substituted alkyl, cycloalkyl, alkenyl, cycloalkenyU alkynyl, aryl, heteroaryl and 
heterocyclic. 

"Alkenylene" refers to a diradical of an unsaturated hydrocarbon, preferably 
having from 2 to 40 carbon atoms, more preferably 2 to 10 carbon atoms, even more 
preferably 2 to 6 carbon atoms, and preferably having 1 to 6 double bonds. This term 

1 5 is further exemplified by such radicals as 1 ,2-ethenyK 1 ,3-prop-2-enyI, 1 ,5-pent-3- 
enyl, K4-hex-5-enyL 5-ethyM,12-dodec-3,6-dienyl, and the like. 

The term "substituted alkenylene" refers to an aikenylene group as defined 
above having from 1 to 5 substituents, selected from the group consisting of alkoxy, 
substituted alkoxy, acyl, acylamino, acyloxy, aminoacyL aminoacyloxy, 

20 oxyacylamino. azido, cyano, halogen, hydroxyl, keto, thioketo, carboxyK 

carboxylalkyl. thiol, thioalkoxy, substituted thioalkoxy, aryl aryloxy, thioaryloxy, 
heteroaryl, heteroaryloxy, thioheteroaryloxy, heterocyclic, heierocyclooxy, 
thioheterocyclooxy. niiro. and NR'R\ wherein R* and R^ may be the same or different 
and are chosen from hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl. 

25 cycloalkenyl, alkynyl. aryl. heteroaryl and heterocyclic. Additionally, such 

substituted aikenylene groups include those where 2 substituents on the aikenylene 
group are fused to form one or more cycloalkyl, substituted cycloalkyl, cycloalkenyl, 

substituted cycloalkenyl. aryl. heterocyclic or heteroaryl groups fused to the 
aikenylene group. 

30 "Alkynyl" refers to a monoradical of an unsaturated hydrocarbon, preferably 

having from 2 to 40 carbon atoms, more preferably 2 tolO carbon atoms, even more 
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preferably 2 to 6 carbon atoms, and preferably having 1 to 6 triple bonds. This term 
is further exemplified by such radicals as acetylenyl, prop.2-ynyl, pentO-ynyl, hex-5- 
ynyL 5-ethyldodec-3,6-diynyK and the like. 

The term "substituted alkynyl" refers to an alkynyl group as defined above 
5 having fi-om I to 5 substituents, selected from the group consisting of alkoxy, 
substituted alkoxy, acyl, acylamino, acyloxy, aminoacyl, aminoacyloxy. 
oxyacylamino, azido, cyano, halogen, hydroxy!, keto. thioketo, carboxyl, 
carboxyialkyl, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, thioaryloxy, 
heieroaryL heteroaryloxy, thioheteroaryloxy, heterocyclic, heterocyclooxy, 

1 0 thioheterocycloxy, nitro, -SO-alky I, -SOsubstituted alkyl, -SO-aiyl, -SO-heteroary 1, 
-SOralkyK -SOrSubstituted alkyl, -SOraryl, -SO^heteroaryl, SOrheterocyclic, 
NR•R^ wherein R* and may be the same or different and are chosen from 
hydrogen, optionally substituted alkyl, cycloalkyL alkenyl, cycloalkenyU alkynyl, 
aryl, heteroaryl and heterocyclic. 

1 5 "Alkynylene" refers to a diradical of an unsaturated hydrocarbon radical, 

preferably having from 2 to 40 carbon atoms, more preferably 2 to 10 carbon atoms, 
even more preferably 2 to 6 carbon atoms, and preferably having 1 to 6 triple bonds. 
This term is fiirther exemplified by such radicals as 1 ,3-prop-2-ynyl, l,5-pent-3-ynyl, 
1.4-hexo-ynyl. 5-ethyl-M2-dodec-3,6-diynyl, and the like. 

20 The term "acyl" refers to the groups -CHO, alkyl-C{OK substituted alkyl- 

C(0)-, cycloalkyl-C(O)-, substituted cycloalkyl-C(O)-, cycloalkenyl-e(O)-, 
substituted cycloalkenyl-C(O)-, aryl-C(O)-, heteroaryl-C(O)- and heterocyclic-C(O)- 
where alkyl, substituted alkyl. cycloalkyl, substituted cycloalkyl, cycloalkenyl, 
substituted cycloalkenyl, aryl, heteroaryl and heterocyclic are as defined herein. 

25 The term "acylamino" refers to the group -C(0)NRR where each R is 

independently hydrogen, alkyl, substituted alkyl. aryl, heteroaryl, heterocyclic or 
where both R groups are joined lo form a heterocyclic group (e.g., morpholine) 
wherein alkyl. substituted alkyl, aryl. heteroaryl and heterocyclic are as defined 
herein. 

30 The term "aminoacyl" refers to the group -NRC(0)R where each R is 

independently hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, or heterocyclic 
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wherein alkvK substituted alkyl. aryl. hete.t>aryl and heterocyclic are as defined 

herein. 

The term "aminoacyloxy" refers to the group -NRC(0)OR where each R is 
independently hydrogen, alkyl, substituted alkyl. aryl. heteroaryl. or heterocyclic 
5 wherem alkyl, substimted alkyl. aryl. heteroaryl and heterocyclic are as defined 

herein. 

Th. Km, -acyloxy- refers io .he gnjups alkyl-C(0)0., subslimted alkyl- 
C(0,0.. cycl<«IM-C(0,0.. sutatared 0,cloalkyl-C(O)O-, a,y,.c,0)0.. heu^roaiy,. 
C<0)0.. and he.e,ocycne.C(0)0. wherein alkyl. subsltoed alkyl, cvcloalkyi 
10 sul,s,i,u,ed cycloalkyl, a^O, here^aryl. and he,e,<.yclic are as defined herein,' 

The rem, "aryl" refers ,o an unsa,ura,ed aromaric carbocyclie graup „f from 6 
.0 .0 cvbon a,on,s hav.n. a single ring (eg., phenyl) „r „„„jp,e condensed (fcsed) 
nngs (e.g., naphlhyl or anlhiyl). 

^"'"^'>'^'™^'<">^--"y.l«<lefi„i,i„n for ,heao-lsubs.i,uem. such 
a^lgroupscanop,io„a,lybes„hs,i,u,edwi,hf,on, I ,0 5 subsnW selected from 
.1.= Sroup consisting of acyloxy, hydroxy. ,hiol. acyl. alkyl. alkoxy. alkenyl. alkynyl 
cvcloalkyi. cycioalkenyl, subs,i,„,ed alkyl, suhs,i,„ed alkoxy, suhs,i,u,ed alkenyl ' 
subs,i,u,ed alkynyl. ^^.^^^ ^^^^^^^^^^^ ^^^^^ • 

.cylamino. alkaryl. a„.|. aryloxy. azido. carboxvl. carboxylalkyl, cyano. halo. „„ro 
-0 he,er„ao.|. hereroaryloxy. he,eroc.vclic. hcerocyclooxy. amrnoacyloxy 

ox^.acylan,i„o. ,h,oalkoxy. sobs,„n,ed «oalkox.v. Ihioaryloxy. rhiohereroaryloxy . 
SO-alkyl. .SO.subsmu.ed alkyl. -SO-aryl. .SO.h..eroa.yl. -SC-alkyl -SO - 
-bsn,u.ed alkyl. .SO,ao,. .SO,he,er„a,yl. ,rihalo.e,hyl. NR-R.. „he«i„ R-and R' 
may. be .he san,. d.fferen, and are chosen fron, hydrogen. op,i«na,ly subs,i,u.ed 
^Ikyl. cvcoalkyl. alkeny,. cycioalkenyl. alkynyl. aryl. he.eroa,yl and heierocvCic 

Frefe^cd .ryl subs.l.ue„,s inCudc alkyl. alkoxy. halo, cyano. „i,ro. .rihalo^^hvl. and 

tnioalkoxy. 

The .em, "aryloxy- refers ,o ,he group aryl.Q- wherein Ure aryl g™„p i, as 
defined above including optionally subs„.u,ed aryl g^ups as also defined above. 
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The te™ --aiylene" refers to a diradical derived from aryl or substituted aryl as 
defined above, ar^d is exemplified by L2-phenylene, 1 .3-phenylene, 1 ,4-phe„ylene. 
1.2-naphthylene and the like. 

The term "substituted arylene" refers to a diradical derived fix,m aryl as 
5 defined above having from 1 to 5 substituents selected from the group consisting of 
acyloxy, hydroxy, thiol, acyl, alkyl, alkoxy. alkenyl, aJkynyl, cvcloalkyl 
cycloalkenyl. subsututed alkyl. substituted alkoxy. substituted aJkenyl, substituted 
alkynyl, substituted cycloalkyl. substituted cycloalkenyl. aminoacyl, acylamino 
alkaryl. ao^l. aryloxy, azido, carboxyl. carboxylalkyl. cyano. halo, nitro. heteroa^^l 
10 heteroaryloxy. heterocyclic, heterocyclooxy. aminoacyloxy. oxyacylamino 

ihioalkoxy. substituted thioalkoxy, thioaryloxy. thioheteroaryloxy. -SQ-alkyl -SO- 
substituted alkyl, -SO-aryl. -SO-heteroaryl, -SO,alkyl. -SO,-substituted alkyl -SO,- 
aryl. -SO^-heteroaryl, trihalomethyl. NR.R^ wherein R- and R- may be the same or' 
diflferem and are chosen from hydrogen, optionally substituted alkyl, cycloalkyl 
15 alkenyl. cycloalkenyl. alkynyl. aryl. heteroaryl and heterocyclic. Preferred arylene 
subsutuents include alkyl. alkoxy, haio. cyano. nuro, trihalomethyl. and thioalkoxy 
The term "carboxyalkyl" refers to the group "-C(0)Oalkyl" where alkyl is as 
defined above. 

The term "cycloalkyl" refers to cyclic alkyl groups of from 3 to 20 carbon 
20 atoms having a smgle cyclic ring or multiple condensed rings. Such cycloalkyl 
groups mclude. by way of example, smgle nng structures such as cyclopropyl 
cyclobutyl. cyclopentyl. cyclooctyl. and the like, or multiple ring structures such as 

adamantanyL and the like. 

The k™, ■subs„,u,ed cycloalkyl" .fers ,o cycl<»lkyl g^up. ^vrng t,cn, 
- I .0 -^ subsmucms selected from ,he group consisting of alkoxy. substituted alkoxy 
cycloalkyl, cycloalkenyl. subsututed cycloalkenyl. acyl. acylatnino. acyloxy. amino 
amtnoacyl, ant.no^yloxy. oxyaminoacyl. azido. cyano. halogen, hyd^xyl, keto 
thtoketo. carboxyl, carboxylalkyl. th,oa„lo,xy. thiotoeroaryloxy. ti,ioheterocvclooxy 
U..01, th,oalko.xy, substituted thtoalkoxy, aryl, aryloxy. heteroaryl. heteroaryloxv 
heterocyclic, heterocyclooxy. hvdrox.vantino. alkoxyamtno, nitro. -SO-alkyl -SO- 
subsututed alkyl, -SO-atyl, -SO-heteroat^l. -SO,.alky,, -SO,-substi,uted alkyl, -SO,- 
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aryl. -SO,-heteroaryl. and NR'R". wherein R' and R- may be the same or different and 
are chosen from hydrogen, optionally substituted alkyl. cycloalkyi, alkenyl, 
cycloalkenyl. aJkynyl. aryl. heteroaryl and heterocyclic. 

The term "cycloalkyJene" refers to a diradical derived from cycloalkyi or 
substituted cycloalkyi as defined above. 

The term "substituted cycloalkylene" refers to a diradical derived from 
cycloalkyi as defmed above having from 1 to 5 -ibstituents selected from the group 
consisting of alkoxy, substituted alkoxy, cycloalkyi. cycloalkenyl, substituted 
cycloalkenyl. acyl, acylamino, acyloxy, amino, aminoacyl, aminoacyloxy, 
oxyaminoacyl, azido. cyano. halogen, hydroxyl, keto, thioketo, carboxyl. 
carboxylalkyl. thioaryloxy. thioheteroaryloxy, thioheterocyclooxy. thiol, thioalkoxy, 
substituted thioalkoxy. aryl. aryloxy. heteroaryl, heteroaryloxy. heterocyclic, 
heterocyclooxy. hydroxyamino. alkoxyamino, nitro. -SO-alkyI, -SO-subsiituted alkyl. 
-SO-aryl. -SO-heteroary l. -SO,-alkyl, -SO,-substituted alkyl, -SO,-aryl, -SO,- 
15 heteroan.1. and NR'R". wherein R' and R" may be the same or different and are chosen 
from hydrogen, optionally substituted alkyl, cycloalkyi, alkenyl, cycloalkenyl, 
alkynyl, aryl. heteroaryl and heterocyclic. 

The term "cycloalkenyl" refers to cyclic alkenyl groups of from 4 to 20 carbon 
atom.s having a single cyclic ring or ftised rings and at least one point of internal 
20 unsaturation. Examples of suitable cycloalkenyl groups include, for instance. 
cyclobut-2-enyl. cyclopent-3-enyl. cyclooct-3-enyl and the like. 

The term "substituted cycloalkenyl" refers to cycloalkenyl groups having from 
1 to 5 substituents selected from the group consisting of alkoxy, substituted alkoxy. 
cycloalkyi. substituted cycloaikyl. cycloalkenyl. substituted cycloalkenyl. acyl, 
25 acylamino. acyloxy. aminoacy l. aminoacyloxy. oxyaminoacyl, azido, cyano. halogen, 
hydroxy!, keto. thioketo. carboxyl. carboxylalkyl, thioaryloxy. thioheteroaryloxy, 
thioheterocyclooxy. thiol, thioalkoxy. substituted thioalkoxy. aryl, ar^loxy, heteroaryl. 
heteroaryloxy. heterocyclic, heterocyclooxy. hydroxyamino, alkoxyamino. nitro, -SO- 
alkyl. -so-substituted alkyl. -SO-aryl. -SO-heteroaryl, -SO,-alkyl. -SO,-substituted 
30 alkyl. -SO,-aryi. -SO,-heteroar>'l. and NR=R^ wherein R^ and R" may be the same or 
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different and are chosen from hydrogen, optionally substituted alkyi, cycloalkyl. 
alkenyl. cycloalkenyl. alkynyl. aryL heteroaryl and heterocyclic. 

The term "cycloalkenylene" refers to a diradical derived from cycloalkenyl or 
substituted cycloalkenyl as defined above. 
5 The term "substituted cycloalkenylene" refers to a diradical derived from 

cycloalkenyl as defined above having from 1 to 5 substituents selected from the group 
consisting of alkoxy, substituted alkoxy. cycloalkyl. substituted cycloalkyl, 
cycloalkenyl. substituted cycloalkenyl. acyl. acylamino, acyloxy. aminoacyl, 
aminoacyloxy, oxyaminoacyl, azido. cyano. halogen, hydroxyl, keto, thioketo, 
1 0 carboxyl. carboxylalkyl. thioaryloxy, thioheteroaryloxy. thioheterocyclooxy. thiol, 
thioalkoxy. substituted thioalkoxy. aiyl, aryloxy. heteroaryl. heteroaryloxy. 
heterocyclic, heierocyclooxy. hydroxyamino. alkoxyamino. nitro, .SO-alkyI, -SO- 
substituted alkyl. -SO-ar^l. -SO-heteroao'l. -SO,.alkyl. -SO,-substituted alkyl. -SO,- 
aiyl. -SO,-heteroaryl. and NR•R^ wherein R- and may be the same or different and 
1 are chosen from hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl. 
cycloalkenyl. alkynyl, aryl. heteroao'l and heterocyclic. 

The term "halo" or "halogen" refers to fluoro. chloro, bromo and iodo. 
•'Haloalkyl- refers to alkyl as defined above substituted by I to 4 halo groups 
as defined above, which may be the same or differem. such as trifluoromethyl 3- 
20 fiuorododecyl. 12.12.12-,rifluorododecyl. 2-bromooctyl. -3-bromo-6-chloroheptyI. 
and the like. 

The term "heteroar>'l" refers to an aromatic group of from 1 to 15 carbon 
atoms and I to 4 heteroatoms selected from oxygen, nitrogen and sulfur within at least 
one nng (if there is more than one ring). 
25 Unless otherwise constrained by the definition for the heteroaryl substituent. 

such heteroaryl groups can be optionally substituted with 1 to 5 substituetlts selected 
from the group consisting of acyloxy. hydroxy, thiol, acyl. alkyl. alkoxy. alkenyl 
alkynyl. cycloalkyl. cycloalkenyl. substituted alkyl. substituted alkoxy. substituted 
alkenyl. substituted alkynyl. substituted cycloalkyl. substituted cycloalkenyl 
30 aminoacyl. acylamino. alkaryl. aryl. aryloxy. azido. carboxyl, carboxylalkyl. cyano 
halo, nttro. heteroaryl. heteroaryloxy. heterocyclic, heterocyclooxy. aminoacyloxy 
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oxyacylamino, thioalkoxy, substituted thioalkoxy, ihioaryloxy, thioheteroaryloxy, - 
SO-alkyK -SO-substiiuted alkyl, -SO-aryL -SO-heteroaryl, -S02-alkyL -SO,- 
substituted alkyi, -SO,-ar>'K -SO^-heteroaryl, trihalomethyl, mono-and di-alkylamino, 
mono- and NR'R**, wherein R' and may be the same or different and are chosen 
5 from hydrogen, optionally substituted alkyl, cycloalkyi, alkenyl, cycloalkenyl, 
alkynyl. aryl. heteroaryl and heterocyclic. Preferred heteroaryls include pyridyl, 
pyrrolyl and fiiryl. 

The term ''heteroaryloxy'' refers to the group heteroaryl-O-. 
The term "heieroarylene" refers to the diradical group derived from heteroaryl 
0 or substituted heteroaryl as defined above, and is exemplified by the groups 2,6- 
pyridylene, 2,4-pyridiylene. K2-quinolinylene, 1,8-quinolinylene, K4- 
benzofiiranylene, 2,5-pyridinylene, 1.3-morpholinYlene, 2,5-indolenyI, and the like. 

The term "heterocycle" or "heterocyclic" refers to a saturated or unsaturated 
group having a single ring, multiple condensed rings or multiple covalently joined 
5 rings, from 1 to 40 carbon atoms and from 1 to 10 hetero ring atoms, preferably 1 to 4 
hetero ring atoms, selected from nitrogen, sulfur, phosphorus, and/or oxygen. 

Unless otherwise constrained by the definition for the heterocyclic substituent, 
such heterocyclic groups can be optionally substituted with 1 to 5, and preferably 1 to 
3 substituents. selected from the group consisting of alkoxy, substituted alkoxy. 
cycloalkyi, substituted cycloalkyL cycloalkenyl, substituted cycloalkenyl, acyl. 
acylamino. acyloxy. aminoacyl. aminoacyloxy, oxyaminoacyl cyano. halogen, 
hydroxy!, keto. thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy. 
ihiohcterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl. 
heieroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino, alkoxyamino. nitro, -SO- 
alkyl. -SO-substituied alkyl. -SO-ar> I, -SO-heteroaryl. -SO^-alkyl, -SO.-substituted 
alkyl. -S()..ar>'j, -SO.-heteroaryl and NR^R^ wherein and may be the same or 
different and are chosen from hydrogen, optionally substituted alkyl. cycloalkyi. 
alkenyl. cycloalkenyl. alkynyl. ar> L heteroaryl and heterocyclic. Such heterocyclic 
groups can have a single nng or multiple condensed rings. 

Examples of nitrogen heterocycles and heteroaryls include, but are not limited 
to, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine. 
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indolizine. isoindole. indole, indazole, purine, quinoiizine, isoquinoiine, quinoline, 
phthalazine, naphthylpyridine, quinoxaline, quinazoline. cinnoline, pieridine, 
carbazoie. carboline, phenanthridine, acridine, phenanlhroline, isothiazole, phenazine, 
isoxazole, phenoxazine. phenothiazine, imidazolidine, imidazoline, piperidine, 
5 piperazine, indoline, morpholino, piperidinyL tetrahydrofuranyl, and the like as well 
as N-alkoxy-nitrogen containing heterocycles. 

A preferred class of heterocyclics include "crown compounds" which refers to 
a specific class of heterocyclic compounds having one or more repeating units of the 
formula [-{CHi-)„Y-] where m is equal to or greater than 2, and Y at each separate 
1 0 occurrence can be O, N, S or P. Examples of crown compounds include, by way of 
example only. [-(CH.O^-NH-Jj, [-((CH,):-0)4-{(CH:)2-NH)2] and the like. Typically 
such crown compounds can have from 3 to 1 0 heteroatoms and 8 to 40 carbon atoms. 
The term "heierocyclooxy" refers to the group heterocyclic-O-. 
The term "thioheierocyclooxy" refers to the group heterocyclic-S-. 
15 The term "heierocyclene" refers to the diradical group derived from a 

heterocycle as defined herein, and is exemplified by the groups 2.6-morpholino, 2.5- 
morpholino and the like. 

The term "substituted heierocyclene" refers to a diradical group derived from a 
heterocycle as defined herein having 1 to 5, and preferably 1 to 3 substituents, 
20 selected from the group consisting of alkoxy, substituted alkoxy, cycloalkyL 
substituted cycloalkyl. cycloalkenyl, substituted cycloalkenyK acyh acylamino, 
acyloxy, aminoacyl. aminoacyloxy. oxyaminoacyl. cyano. halogen, hydroxyL keto, 
thioketo. carboxyl. carboxylalkyl. thioaryloxy, thioheteroaryloxy. thioheterocyclooxy. 
thiol, thioalkoxy. substituted thioalkoxy. ar\'L aryloxy, heteroaryl. heieroaryloxy, 
25 heterocyclic, hcterocyclooxy. hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO- 

substiiuied alkyi, -SO-ar>'K -SO-heieroar\'L -SO.-alkyl, -SOrSubstituted alkyL -SO^ 

ar>'l, -SO.-heteroar>M. and NR"R\ wherein and R*' may be the same or different and 
are chosen from hydrogen, optionally substituted alkyl, cycloalkyl. alkenyl. 
cycloalkenyl. alkynyl, ar>'l. heteroaryl and heterocyclic. Such heterocyclic groups can 
30 have a single ring or multiple condensed rings. 
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The term ''oxyacylamino" refers to the group -OC(0)NRR where each R is 
independently hydrogen, alkyl. substituted alkyl, aryl. heteroaryl, or heterocyclic 
wherein alkyl, substituted alkyl, aryl, heleroaryl and heterocyclic are as defined 
herein. 

5 The term "thiol" refers to the group -SH. 

The term "thioalkoxy" refers to the group -S-alkyl. 
The term "substituted thioalkoxy" refers ♦o the group -S-substituted alkyl. 
The term "thioaryloxy" refers to the group aryl-S- wherein the aryl group is as 
denned above including optionally substituted aryl groups also defined above. 
10 The term "ihioheteroaryloxy" refers to the group heteroaryl-S- wherein the 

heleroaryl group is as defined above including optionally substituted aryl groups as 
also defined above. 

As to any of the above groups which contain one or more substituenis, it is 
understood, of course, that such groups do not contain any substitution or substitution 
1 5 panems which are sterically impractical and/or synthetically non-feasible. In 

addition, the compounds of this invention include all stereochemical isomers arising 
from the substitution of these compounds. 

'^HeteroarylalkyP' refers to heleroaryl as defined above linked to alkyl as 
defined above, for example pyrid-2-ylmethyl, 8-quinolinylpropyl, and the like. 
20 "Optional" or "optionally" means that the subsequently described event or 

circumstance may or may not occur, and that the description includes instances where 
said event or circumstance occurs and instances in which it does not. For example, 
optionally substituted alkyl means that alkyl may or may not be substituted by those 
groups enumerated in the definition of substituted alkyl. 
25 The term "pharmaceuiically acceptable salt" refers to salts which retain the 

biological effectiveness and properties of the multi-binding compounds of this 
invention and which are not biologically or otherwise undesirable. In many cases, the 
multi-binding compounds of this invention are capable of forming acid and/or base 
salts by virtue of the presence of amino and/or carboxyl groups or groups similar 
30 thereto. 
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Pharmaceutically acceptable base addition salts can be prepared from inorganic and 
organic bases. Salts derived from inorganic bases, include by way of example only, 
sodium, potassium, lithium, ammonium, calcium and magnesium salts. Salts derived 
from organic bases include, but are not limited to, salts of primary, secondary and 
5 tertiary amines, such as alkyl amines, dialkyl amines, trialkyl amines, substituted 
alky] amines, di(substituted alkyl) amines, tri(substituted alkyl) amines, alkenyl 
amines, dialkenyl amines, trialkenyl amines, substituted alkenyl amines, di(substituted 
alkenyl) amines, tri(substituted alkenyl) amines, cycloalkyl amines, di(cycloalkyl) 
amines, tri(cycloalkyl) amines, substituted cycloalkyl amines, disubstituted cycloalkyl 
10 amine, trisubstituied cycloalkyl amines, cycloalkenyl amines, di(cycloalkenyl) 
amines, tri(cycloalkenyl) amines, substituted cycloalkenyl amines, disubstituted 
cycloalkenyl amine, irisubstiiuted cycloalkenyl amines, aryl amines, diaryl amines, 
triar>'] amines, heteroaryl amines, diheteroaryl amines, triheteroaryl amines, 
heterocyclic amines, diheierocyclic amines, triheterocyclic amines, mixed di- and tri- 
1 5 amines where at least two of the substituents on the amine are different and are 
selected from the group consisting of alkyl, substituted alkyl, alkenyl, substituted 
alkenyl. cycloalkyl. substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyK 
aryl, heteroaryl, heterocyclic, and the like. Also included are amines where the two or 
three substituents. together with the amino nitrogen, form a heterocyclic or heteroaryl 
20 group. 

Examples of suitable amines include, by way of example only,- 
isopropylamine, irimelhyl amine, diethyl amine, tri(/5o-propyl) amine, tri(/7-propyl) 
amine, eihanolamine, 2-dimethylaminoethanol, iromethamine, lysine, arginine, 
histidine, caffeine, procaine, hydrabamine, choline, beiaine, ethylenediamine, 

25 glucosamine. N-alkylglucamines. theobromine, purines, piperazine, piperidine, 

morpholine, N-ethylpiperidine, and the like. It should also be understood that other 
carboxylic acid derivatives would be useful in the practice of this invention, for 
example, carboxylic acid amides, including carboxamides, lower alkyl carboxamides. 
dialkyl carboxamides, and the like. 

30 Pharmaceutically acceptable acid addition salts may be prepared from 

inorganic and organic acids. Salts derived from inorganic acids include hydrochloric 
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acid, hydrobromic acid, sulftiric acid, nitric acid, phosphoric acid, and the like. Salts 
derived from organic acids include acetic acid, propionic acid, glycolic acid, pyruvic 
acid, oxalic acid, malic acid, maionic acid, succinic acid, maleic acid, fumaric acid, 
tartaric acid, citric acid, benzoic acid, cinnamic acid, mandeltc acid, methanesulfonic 
5 acid, ethanesulfonic acid,/?-toluene-sulfonic acid, salicylic acid, and the like. 

The term "protecting group" or "blocking group" refers to any group which 
when bound to one or more hydroxyl, thiol, amino or carboxyl groups of the 
compoimds prevents reactions from occurring at these groups and which protecting 
group can be removed by conventional chemical or enzymatic steps to reestablish the 
10 hydroxyl, thiol, amino or carboxyl group. See, generally, T.W. Greene & P.G.M. 
Wuts ^Trotective Groups in Organic Synthesis/' 2"** Ed, 1991 . John Wiley and Sons. 
NY. 

The particular removable blocking group employed is not critical and 
preferred removable hydroxyl blocking groups include conventional substituents such 

1 5 as allyh benzyl, acetyl, chloroacetyl, thiobenzyL benzylidine, phenacyl, t-butyl- 

diphenylsilyl and any other group that can be introduced chemically onto a hydroxyl 
functionality and later selectively removed either by chemical or enzymatic methods 
in mild conditions compatible with the nature of the product. 

Preferred removable amino blocking groups include conventional substituents 

20 such as t-butyoxycarbonyl (l-BOC). benzyloxycarbonyl (CBZ), 

fluorenylmethoxycarbonyl (FMOC), allyloxycarbonyl (ALOC) and the like, which 
can be removed by conventional conditions compatible with the nature of the product. 
Preferred carboxyl protecting groups include esters such as methyl, ethyl, propyl, f- 
butyl etc. which can be removed by hydrolysis conditions compatible with the nature 

25 of the produci- 

As used herein, the terms "inen organic solvent" or "inert solvent" mean a 
solvent inert under the conditions of the reaction being described in conjunction 
therewith including, for example, benzene, toluene, acetonitrile, tetrahydrofuran 
("THF"), dimethylformamide ('*DMF"). chloroform ("CHCIy), methylene chloride 

30 (or dichloromethane or ''CH.Cl/'). diethyl ether, ethyl acetate, acetone, methylethyl 
ketone, methanol, ethanol, propanol. isopropanol, tert-butanol, dioxane, pyridine, and 
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the like. Unless specified to the contrary, the solvents used in the reactions of the 

present invention are inert solvents. 

The lerm *'Na' channel" or " sodium ion channel" refers to a biomembrane- 

associated siruciure that is capable of transporting sodium ions across a lipid 
5 membrane. The sodium charmels pertinent to this invention are voltage-gated 

channels that mediate action potentials in mediate action potentials in excitable tissues 

(e.g., nerve and muscle). 

'*Ligand" as used herein denotes a compound that is a binding partner for a 

receptor (e.g., a voltage-gated sodiu.Ti ion channel). The specific region or regions of 
1 0 the ligand molecule thai is recognized by the ligand binding site of the receptor is 

designated as the "ligand domain". A ligand may be either capable of binding to a 

receptor by itself, or may require the presence of one or more non-ligand components 

for binding (e.g. ions» a lipid molecule, a solvent molecule, and the like). Examples of 

ligands that are useful in this invention include, but are not limited, to lidocaine, 
15 bupivacaine, benzocaine, levobupivacaine , etidocaine, mepivacaine, prilocaine, 

ropivacaine, tetracaine, procaine, procainamide, dibucaine, alphabutyl lidocaine, 

proparacaine, 2-chloroprocaine and pramoxine. The structures of representative local 

anesthetic agents is shown in Figure 2 . 



20 invention comprise a ligand group Ar-W (as defined in the Summarv o f the Invention) 
and an amine group. These features are indicated in the structures below by the bold 
underline. In some embodiments (exemplified by structure (1 ) below), the amine 
group is distinct from the linker. 



It should be understood that the ligands in multibinding compounds of this 




(1) 



30 



In other embodiments, the amine group is provided by the linker (exemplified 
by structure (2) below). 
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(2) 



For purposes of the present invention, it should also be recognized that 
portions of the ligand structure that are not essential for specific molecular recognition 
and binding activity may be varied substantially, replaced with unrelated structures 

10 and, in some cases, omitted entirely without affecting the binding interaction. It is 
further understood that the term ligand is not intended to be limited to compounds 
known 10 be useful, for example, as sodium ion channel- binding compounds (i.e., 
known drugs). Those skilled in the art will understand that the term ligand can 
equally apply to a molecule that is not normally recognized for its channel binding 

15 properties. The primary' requirement for a ligand as defined herein is that it has a 
ligand domain, as defined above, which is available for binding to a recognition site 
on a receptor (e.g., a voltage-gated sodium ion channel). In addition, it should be 
noted that ligands thai exhibit marginal activity or lack useful activity as monomers 
can be highly aciive as multibinding compounds, because of the biological benefit 

20 conferred by muliivalency. 

The term "ligand" or "ligands" as used herein is intended to include the 
racemic forms of the ligands as well as individual enaniiomers and diasiereomers and 
non-racemic mixtures thereof 

The term "ligand precursor" refers to a compound that is a starting material or 

25 an iniermediaie in the synthesis of a completed ligand. The ligand precursor may be 
coupled to a linker with completion of ligand synthesis being carried out in a separate 
step (see. e.g.. Scheme T of Figure 14). Another example is provided in Scheme R of 
Figure 1 2, wherein compound (e) having an R group -CH.COOH is a ligand 
precursor in the synthesis of compound 145 and other compounds of Formula la 

30 where R is carboxyalkyl-substituted methylene. 
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'^Multibinding agent" or ' multibinding compound" refers to a compound thai 
is capable of multi valency as defined below, and which has from 2 to 10 ligands 
covalently bound to one or more linkers. In all cases, each ligand and linker in the 
muliibinding agent is independently selected such that the multibinding agents include 
5 both symmetric compounds (i.e., where each ligand is identical as well as each linker) 
and asymmetric compounds (i.e., where at least one ligand is different from the other 
ligand and/or at least one linker is different from other linkers). The muhibinding 
agent provides a biologic and/or therapeutic effect greater than the aggregate of 
unlinked ligands equivalent thereto. That is to say, that the biologic and/or 

1 0 therapeutic effect of the hgands attached to the multi-binding compound is greater 
than that achieved by the same number of unlinked ligands made available for binding 
to the receptor or receptors. Examples of greater "biologic and/or therapeutic effect" 
include increased ligand-receptor binding interactions (e.g., increased affinity; 
increased agonist, antagonist or modulatory effects; improved kinetics), increased 

1 5 selectivity for the target, increased potency, increased efficacy, decreased toxicity, 
increased duration of action, altered bioavailability, improved pharmacokinetics, 
improved activity spectrum, increased therapeutic index, and the like. The 
multibinding compounds of this invention will exhibit at least one, and preferably 
more than one. of the above-mentioned effects. 

20 The term 'ligand binding site" as used herein denotes a site on a receptor, such 

as a Na" channel, that recognizes a ligand domain and provides a binding partner for 
the ligand. The ligand binding site may be defined by monomeric or multimeric 
structures. This interaction may be capable of producing a unique biological effect, 
for example agonism. antagonism, modulation, or may maintain an ongoing 

25 bioloeical event, and the hke. 

It should be recognized that the ligand binding sites of Na'channels that 
participate in biological multivalent binding interactions are constrained to varying 
degrees by their intra- and iniermolecular associations. For example, ligand binding 
sites may be covalently joined in a single structure, noncovalently associated in one or 

30 more multimeric structures, embedded in a membrane or biopolymer matrix, and so 
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on. and therefore have less translational and rotational freedom than if the same sites 
were present as monomers in solution. 

The terms '"agonism" and "antagonism'' are well known in the art. As used 
herein, the term "agonist" refers to a ligand that when bound to a voltage-gated Na* 
5 channel stimulates its activity. The term "antagonist*' refers to a ligand that when 
bound to a voltage-gated Na' channel inhibits its activity. One skilled in the art will 
appreciate that the term "agonist" encompasses both ftill and partial agonists, the 
difference being that a partial agonist has a low efficacy relative to a full agonist. 
Channel block or activation may result from allosteric effects of ligand 

10 binding to the channel rather than occupancy of the channel pore. These allosteric 
effects may produce changes in protein conformation that affect Na* binding sites, 
gating mechanisms and/or the pore region (i.e.. ion permeation). 

A Na" channel can exist in several slates: C (closed resting state); O (open 
state); and 1 (inactivated state). The probability that a channel will exist in one of 

15 these three states changes with voltage. A given ligand may have different binding 
affinities for different states, and thereby be capable of producing agonist or 
antagonist activity or tonic or phasic block {see, generally, Sihchartz. Chapter 2 In: 
Neural Blockade in Clinical Anesthesia and Management of Pain, Third Edition (Eds. 
MJ.Cousins and P.O.Bridenbaugh, Lippincott-Raben Publishers, 1998), 

20 The term "modulatory effect" is intended to refer to the ability of a ligand to 

change the activity of a Na* channel through binding to the channel. - 

"Potency" as used herein refers to the minimum concentration at which a 
ligand is able to achieve a desirable biological or therapeutic effect. The potency of a 
ligand is typically proportional to its affinity for its receptor. In some cases, the 

25 potency may be non- linearly correlated with its affinity. In comparing the potency of 
two drugs, e.g.. a multi-binding agent and the aggregate of its unlinked ligand, the 
dose-response curve of each is determined under identical test conditions (e.g. in an in 
vitro or in vivo assay, in an appropriate animal model (such as a human patient)). The 
finding that the multi-binding agent produces an equivalent biologic or therapeutic 

30 effect at a lower concentration than the aggregate unlinked ligand (e.g. on a per 
weight, per mole or per ligand basis) is indicative of enhanced potency. 
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Univalency" as used herein refers lo a single binding inieraciion between 
one ligand with one ligand binding siie as defined herein. It should be noted that a 
compound having muliiple copies of a ligand (or ligands) exhibits univalency when 
only one ligand of that compound interacts with a ligand binding site. Examples of 
5 univalent interactions are depicted below. 

\ 

\ 

ligand domain 

"Multivalency" as used herein refers to the concunent binding of from 2 to 
1 0 linked ligands (which may be the same or different) and two or more 
corresponding ligand binding sites, which may be the same or different. An 
example of trivalent binding is depicted below for illustrative purposes. 





It should be undersiood that not all compounds that contain multiple copies 
of a ligand attached to a linker necessarily exhibit the phenomena of mult i valency, 
I .e., that the biologic and/or therapeutic effect of the multi-binding agent is greater 
than that of the same number of unlinked ligands made available for binding to the 
receptor or receptors. For multi-valency to occur, the ligands that are connected by a 
linker or linkers have to be presented to their receptors by the linker(s) in a specific 
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manner in order to bring about the desired ligandK)rienling result, and thus produce a 
multi-binding interaction. 

''Selectivity" or "specificity" is a measure of the binding preferences of a 
ligand for different receptors. The selectivity of a ligand with respect to its target 
5 receptor relative to another receptor is given by the ratio of the respective values of 
(i.e., the dissociation constants for each ligand-receptor complex) or, in cases where a 
biological effect is observed below the , the - io of the respective EC50S (i.e., the 
concentrations that produce 50% of the maximum response for the ligand interacting 
with the two distinct receptors). 
10 The term "treatment" refers to any treatment of a disease or condition in a 

mammal, particularly a human, and includes: 

( i) preventing the disease or condition from occurring in a subject which 
may be predisposed to the condition but has not yet been diagnosed with the condition 
and. accordingly, the treatment constitutes prophylactic u-eamient for the pathologic 

1 5 condition: 

(ii) inhibiting the disease or condition, i.e., arresting its development; 

(iii) relieving the disease or condition, i.e., causing regression of the disease 
or condition: or 

( iv) relieving the symptoms resulting from the disease or condition, e.g., 
20 relieving pain without addressing the underlying disease or condition. 

The term "disease or condition which is modulated by treatment with a local 
anesthetic " covers all disease slates and/or conditions associated with pain sensation 
that are generally acknowledged in the art to be usefully treated with a local anesthetic 
ligand and those disease states and/or conditions that have been found to be usefully 
25 treated by a specific muiiibinding local anesthetic compound of our invention, i.e.. the 

compounds of Formula 1. Such disease stales and conditions include, by way of 
example only, surgical anesthesia, post operative pain relief, post-arthroscopic pain 
management, long-duration surgical block, proctitis and active distal ulcerative colitis, 
and the like. 

30 The term "therapeutically effective amount" refers to that amount of multi- 

binding compound that is sufficient to effect treatment, as defined above, when 
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administered to a mammal in need of such treatment. The therapeutically effective 
amount will vary depending upon the subject and disease condition being treated, the 
weight and age of the subject, the severity of the disease condition, the manner of 
administration and the like, which can readily be determined by one of ordinary skill 
5 in the art. 

The temi ''pharmaceutically acceptable excipient" is intended to include 
vehicles and carriers capable of being coadministered with a multi-binding compound 
to facilitate the performance of its intended function. The use of such media for 
pharmaceutically active substances is well known in the art. Examples of such 

1 0 vehicles and carriers include solutions, solvents, dispersion media, delay agents, 

emulsions and the like. Any other conventional carrier suitable for use with the multi- 
binding compounds also falls within the scope of the present invention. 

The term "linker", identified where appropriate by the symbol X, refers to a 
group or groups that covalently links from 2 to 10 ligands (as defined above) in a 

1 5 manner that provides for a compound capable of multivalent interactions with 

voltage-gated Na' channels. Among other features, the linker is a ligand-orienting 
entity that permits attachment of multiple copies of a ligand (which may be the same 
or different) thereto. In some cases, the linker may itself be biologically active. The 
term "linker' does not, however, cover solid inert supports such as beads, glass 

20 particles, rods, and the like, but it is to be understood that the multi-binding 

compounds of this invention can be attached to a solid support if desired, for example, 
for use in separation and purification processes and for similar applications. 

The extent to which multivalent binding is realized depends upon the 
efficiency with which the linker or linkers that joins the ligands presents them to their 

25 array of ligand binding sites. Beyond presenting these ligands for multivalent 

interactions with ligand binding sites, the linker spatially constrains these interactions 
to occur within dimensions defined by the linker. Thus the structural features of the 
linker (valency, geometry, orientation, size, flexibility, chemical composition) are 
features of multi-binding compounds that play an important role in determining their 

30 molecular interactions with receptors and efficacy. 
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The linkers used in this invention are selected to allow multivalent binding of 
ligands to any desired ligand binding sites of a voltage-gated Na' channel, whether 
such sites are located interiorly (e.g.. within a channel/translocation pore), both 
interiorly and on the periphery of a channeL at the boundary region between the lipid 

5 bilayer and the channel, or at any intermediate position thereof. The distance between 
the nearest neighboring ligand domains is preferably in the range of about 2 A to about 
lOOA, more preferably in the range of about 2A to about 50A and even more 
preferably about 4- 15 A. 

The ligands are covalently attached to the linker or linkers using conventional 

1 0 chemical techniques. The reaction chemistries resulting in such linkage are well 
known in the art and involve the use of reactive functional groups present on the 
linker and ligand. Preferably, the reactive functional groups on the linker are selected 
relative to the functional groups available on the ligand for binding or which can be 
introduced onto the ligand for binding. Again, such reactive functional groups are 

1 5 well known in the art. For example, reaction between a carboxylic acid of either the 
linker or the ligand and a primary or secondary amine of the ligand or the linker m the 
presence of suitable well-known activating agents results in formation of an amide 
bond covalently linking the ligand to the linker; reaction between an amine group of 
either the linker or the ligand and a sulfonyl halide of the ligand or the linker results in 

20 formation of a sulfonamide bond covalently linking the ligand to the linker; and 

reaction between an alcohol or phenol group of either the linker or the ligand and an 
alkyi or aryl halide of the ligand or the linker results in formation of an ether bond 
covalently linking the ligand to the linker. 

Table 1 illustrates numerous reactive functional groups and the resulting bonds 

25 formed bv reaction therebetween. Where lunciional groups are lacking, they can be 

created by suitable chemistries that are described in standard organic chemistry texts 
such as J. March. ■ Advanced Organic Chemistry ". 4''' Edition. (Wiley-Interscience 
(New York). 1992 
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TABLE 1 : Atiachmeni Chemistries 
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The linker is.anached to the ligand at a position that retains ligand domain- 
receptor binding and specifically permits the ligand domain of the ligand to orient 
itself to bind to the ligand binding site. The determination of where acceptable 
substitutions can be made on a ligand is typically based on prior knowledge of 
siruciure-activiiy relationships of the ligand and/or congeners and/or structural 
information about ligand-receptor complexes (e.g.. X-ray crystallography, NMR, and 
the like). Such positions and synthetic protocols for linkage are well known in the art 
and can be determined by those with ordinary skill in the art. For example, the arrows 
below indicate the possible positions for attachment of lidocaine to a linker. 




1 5 Following attachment of a ligand to the linker or a significant portion thereof 

(e.g.. 2-10 atoms of linker), the linker-ligand conjugate may be tested for retention of 
activity in a relevant assay system (see Testing and E?^^rnpkSi below, for 
representative assays). 

The relative orientation in which the ligand domains are displayed to the 

20 receptors depends both on the particular point (or points) of attachment of the ligands 
to the linker, and on the geometry of the linker framework. The term linker embraces 
everything that is net considered to be part of the ligand, e.g., ancillary groups such as 
solubilizing groups, lipophilic groups, groups that alter pharmacodynamics or 
pharmacokinetics, groups that modify the diffusability of the multi-binding 

25 compound, groups that attach the ligand to the linker, groups that aid the ligand- 

orienting function of the linker, for example, by impaning flexibility or rigidity to the 
linker as a whole, or to a portion thereof, and so on. 
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Nomenclature 

The naming of the compounds of the present invention is illustrated below for 
representative compounds of formula (I). 

For example, in the following compound of formula (I), compound 54 in 
5 Table 2 below (see Preferred Em bodiments V 



the lipand groups (Ar-W)' and (Ar-W)- are both named 2,6-dimethylphenyl-NH- 
1 5 C(0)-CH(CH2CH3)- and the linker is denoted by its chemical formula. -NCCHs)- 

(CH,),.0-(CH,)2.0-(CH.),-0-(CH2VN(CH3)-. The aryl ring substiiuents are 

numbered such that position 1 is the position of attachment of the linker to the ring. 
In some instances, the ligand groups, (Ar-W)' and (Ar-W)- and the linkers are 

named according to lUPAC rules, using the Autonom® software program (Beilstein). 
20 Thus tor example, in the compound shown above, the ligand groups are both named N 

-(2.6-dimethyl-phenyl)-butyraniide and the linker is named methyl-(3--{2-[2-(3- 

meihyIamino-propoxy)-ethoxyJ-ethoxy}-propyl)-amine. 

The structures and names of several other representative compounds of 

formula (1) follow. 



(Ar-W)^ 



(Ar-W)^ 



Linker 



10 




25 



(Ar-W) 



Linker 



(Ar-W)^ 



30 
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In the above compound, compound 90 in Table 2, the ligand groups (Ar-W)' 

and (Ar-W)- are both named 2,6-dimethylphenyl-NH-C(0)-CH2-, and the linker is 

-N(CH3)-CH.-C(0) -N-(CH,). -O-CCH,), .0-(CH2):-N-C(0)-CH3-N(CH3)- 
-(CH,)rO-(CH2VO.(CHj)2-J 

5 

Using lUPAC nomenclature, the ligand groups are named N-(2,6-dimethyl- 
phenyD-aceiamide and the linker is named 2-methylamino-l-[16-(2-meihylamino- 
acetyl)- 1 ,4, 1 0, 1 3-teU^oxa-7, 1 6-dia2a-cyclooctadec-7-yl]ethanone. 



(Ar-W)' \ Linker / (Ar-W)^ 




In the above compound, compound 73 in Table 2, ligand group (Ar-W)' is 
named 2,6-dimelhylphenyl-NH-C(0)-CH2-, ligand group (Ar-W)- is named 4- 
aminophenyl-C(0)-0-(CH2)r, and the linker is -N(CH3)-(CH2)3-N(CH3)-. 
20 In lUPAC nomenclature, ligand group (Ar-W)' is named N-(2,6-dimethyl- 

phenyO-aceiamide. ligand group (Ar-W)- is named 4-amino-ben2oic acid ethyl ester, 
and the linker is named N.N'-dimethyl-propane-1 ,3-diamine. 



25 




,(Ar:Wl\. (Ar-W)_^ 
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In the above compound, compound 41 in Table 2. the ligand groups (Ar-W)' 
and (Ar-W)- are named 2,6-dimethylphenyl-NH-C(0)- and the linker is: 
.CH-(CH2),-N-CH,-CH=CH-CHrN-(CH,)4-CH- (irans). 
I I I I 



In lUPAC nomenclature, the ligand groups are named N-(2,6-dimethyl- 
phenyl)-formamide and the linker is named l,r-but-2-enylenedipiperidine. 



10 




Linker 



15 



In the above compound, compound 1 U in Table 2, the linker is named - 
N'(CH3)(CH,-PhHCH2),o-N*(CH3)(CHrPh)-- 

In lUPAC nomenclature, the linker is N,N'-dimethy!-N,N'diben2yl-decane- 
1,10-diamine. 



20 



(Ar-W)' 



Linker 



1 H > I 



(Ar-W)' 



O 




25 



In the above compound, compound 124 in Table 2, the ligand group (Ar-W)' 
is named 2,6-dimeihylphenyl-NH-C(0)-CH(N(CH3)2)- (R) isomer, the ligand group 
30 (Ar-W)- is named 2,6-dimethylphenyI-NH-C(0)-CH.- and the linker is - 

(CH,),N(CH3).. 
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In lUPAC nomenclature, ligand group (Ar-W)* is named 2-dimethylamino-N- 
2,6-dimelhyl-phenyl)-acelamide, ligand group (Ar-W)- is named N-{2,6-dimethyl- 
phenyD-aceiamide, and the linker is named methyl-propyl-amine, 

5 

rnmpounds of Formula I 

As explained above, the multibinding k d anesthetic compounds described 
herein comprise 2-10 ligands of the same or different type attached covalently to a 

10 linker that links the ligands in a manner that allows their multivalent binding to ligand 
binding sites of sodium ion channels. The linker spatially constrains these 
interactions to occur within dimensions defined by the linker. This and other factors 
increases the biologic and/or therapeutic effect of the multibinding compound as 
compared to the same number of ligands used in monobinding form. 

1 5 The compounds of this invention are preferably represented by the empirical 

formula (L)p(X)q where L, X. p and ^ are as defined above. This is intended to 
include the several ways in which the ligands can be linked together in order to 
achieve the objective of multivalency, and a more detailed explanation is provided 
below. 

20 As noted previously, the linker may be considered as a framework to which 

ligands are attached. Thus, it should be recognized that the ligands can be attached at 
any suitable position on this framework, for example, at the termini of a linear chain 
or at any intermediate position thereof 

The simplest and most preferred multi-binding compound is a bivalent 

25 compound which can be represented as L-X-L. where L is a ligand and is the same or 
different and X is the linker. A trivalent compound could also be represented in a 
linear fashion, i.e., as a sequence of repeated units L-X-L-X-L, in which L is a ligand 
and is the same or different at each occurrence, as is X. However, a trivalent 
compound can also comprise three ligands attached to a central core, and thus be 

30 represented as (L)^X. where the linker X could include, for example, an aryl, 

cycloalkyl or heterocyclic group. Tetravalent compounds can be represented in a 
linear array, L-X-L-X-L-X-L , or a branched array, 

-41- 



BNSOOCID <WO _9951565A1.IA> 



wo 99/51565 



PCT/liS99/07263 



L-X-L-X-L 
1 

L 

5 

i.e., a branched construct analogous to the isomers of butane («-butyl, iso- 
butyl, sec-butyl, and /- butyl). Alternatively, it could be represented as an aryl or 
cycloalkyl derivative as described above with four (4) ligands anached to the core 
linker. 

1 0 The same considerations apply to higher multibinding compoimds of this 

invention containing from 5-10 ligands. However, for multibinding agents attached to 
a central linker such as an aryl, cycloalkyl or heterocyclyl group, or a crown 
compound, there is a self-evident consu-aint that there must be sufficient attachment 
sites on the linker to accommodate the number of ligands present. 

1 5 The formula (L)p(X)q is also intended to be inclusive of a cyclic compound of 

formula X-)„ ,where n is 2-10. 

All of the above variations are intended to be within the scope of the invention 
defined by the formula {L\(X\, Representative multibinding compounds of Formula 
I . where p > 2 are illustrated in Figure 3. 

10 With the foregoing in mind, a preferred linker for bivalent compounds may be 

represented by the following formula: 

-X'-Z"'-(Y^Z"'),-X'- (V) 

in which: 

v is an integer of 0 to 20; 

;5 X' at each separate occurrence is independently alkylene, substituted alkylene, 

alkenyiene. substituted alkenyiene, alkynylene. substituted alkynylene, -0-, -S-, 
-S(0)-. -S(0):-, -NR-, -N* R R -C(Ok -€(0)0-, -C(0)NR-, -NRC(O)-, -C(S)-, - 
C(S)0. -C(S)NR- or a covaleni bond, where R and R at each separate occurrence are 
independently as defined below for R' and R"; 

0 Z*" is at each separate occurrence independently selected from alkylene, 

substituted alkylene, (alkylene-0),,-alkylene. where w is an integer of I to 10, 
alkylalkoxy, cycloalkylene. substituted cycloalkylene. alkenyiene, substituted 
alkenyiene, alkynylene, substituted alkynylene, cycloalkenylene, substituted 
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cycloalkenylene, arylene, substituted arylene, heteroarylene, substimted 
heieroarylene, heterocyclene, substituted heterocyciene. crown compounds, or a 
covalent bond; 

Y' at each separate occurrence is independently selected from -O-, NR\ S, 
5 .C(0HCH3)„-NR'-, -NR'.(CH2)„ C(0)-, -NR*-C(0)-NR'., -0.C(0).0-, 

-NR*-C(=NR')-, -C(=NR')-NR'-, -NR^CCOVO-, .N=C(X>NR'-, -P(0)3(0R')-0-, - 
S(0)„-CR'R"-, -S(0)„-NR'-, S-S- and a covalent bond; where n is 0, K or 2; and 

R, R' and R" at each separate occurrence are selected from hydrogen, alkyl, 
substituted alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl. 
10 cycloalkenyl, substituted cycloalkenyl. alkynyl, substituted alkynyl, aryl, heteroaryl 
and heterocyclic. 

Additionally, the linker moiety can be optionally substituted at any atom 
therein by one or more alkyL substituted alkyl, cycloalkyl substituted cycloalkyl. 
alkenyl, substituted alkenyL alkynyl, substituted alkynyl, aryl, heteroaryl and 
15 heterocyclic groups. 

Preferred Embodiments 

Presently preferred compounds of Formula 1 are multibinding compounds of 
20 formula L-X-L and pharmaceutically acceptable salts thereof, wherein X is selected 
from structures of formula II ( -N(R- )-Z-N(R')-)- formula III (-Y^-Z'-YH and 
formula IV (-N'(R^ )(R')-Z"-N"(R')(R')-). where the substiluents and linker 
components are as defined in the Summarx o f the invention. 

Each ligand L. which may be the same or different at each occurrence, 
25 independently comprises a group having the formula Ar-W-, where Ar is an ar>'i. 
heterocyclyl or heteroar>'l group that is optionally substituted at one or more 
positions, and W is an atomic grouping through which attachment is made to the 
linker As described in the Summar\ . W is selected from a covalent bond. -[CR'R-],- 
[CR'R-],C(0). -C(0)0(CR'R-L " - - OC(0)[ CR'R-], -0-[CR'R-]AOK 
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-C{0)-NH-[CR*R-)r* and -NH-C(0)[CR'R-], t where r is an integer of 0 to 10, and R' 
and R- are independently H, alkyl, substituted alkyl or a group -NR"R**-, where R* and 
R** are both alkyl . 

One group of preferred ligands for use in multibinding compounds includes 
5 conventional local anesthetics such as those described above. Also included in this 
class of compounds are ligands that share common structural features with 
conventional local anesthetics, for example, an aryl ring linked via an ester or amide 
linkage to an aliphatic group having a terminal tertiary or quaternary amine. The 
number of atoms between the ary l ring and the amine, is typically about 3-7 atoms. 

10 

The modular, repeated tetrameric molecular structure of the sodium ion 
channel presents a plurality of cation binding sites. Accordingly, quaternary amines, 
guanidines and amidines are a second preferred class of binding group to be employed 
in a multi-binding local anesthetic compound. These positively charged amine 
15 moieties may comprise the terminal amine moiety of a local anesthetic-type binding 
group, or may be an ancillary group linked to a local anesthetic-type binding group, or 
to the linker framework of the multi-binding local anesthetic compoimd. 

In addition to these interactions, the inclusion of one or more lipophilic 
ancillary groups, such as a long chain alkyl group or an aromatic hydrocarbon linked 
20 to the local anesthetic-type binding group, to a quaternary alkyl amine, or to the linker 
framework may provide for increased duration of binding of the multibinding local 
anesthetic compound. 

The ligands. as described above, are linked together for multivalent binding 
interactions with ligand binding sites of a voltage-gated Na* ion channel. The multi- 
25 binding compound preferably includes at least two local anesthetic-type binding 
groups, and preferably additional ancillary groups from the second and third classes 
described above. 

Preferred linkers comprises a linear, branched or cyclic chain having from two 
to fifty, and preferably two to twenty-four, non-hydrogen atoms, where the bonds 
30 making up the chain are selected from alkylene (carbon-carbon), alkenylene (double 
bonded carbon-carbon), alkylene ether (carbon-oxygen), alkylene thioether (carbon- 
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sulfur), alkylene amino (carbon-nitrogen) linkages, or a combination thereof. The 
chain may further include one or more groups selected from cycloalkyK heterocyclyl, 
ar>'l, heieroaryi, carbonyl» carboxy ester, carboxy amide, and sulfonyl, intervening 
beiween these bonds. 
5 Local anesthetic-type ligands may be linked to the linker at different 

attachment points to achieve different orientations of the ligand domains, thereby to 
facilitate multivalency, as was discussed previously. This is illustrated below for 
lidocaine-based compounds of Formula I. In such compounds, lidocaine is preferably 
linked via the aliphatic amine moieties, via substituents on the benzene ring, or via the 

1 0 carbon which is alpha to the amide carbonyl group. The ligand and linkers shown 
below are selected for illustrative purposes only, and are not intended to limit the 
scope of the orientational analog compounds of this invention. As discussed 
previously, there are several classes of preferred linkers for local anesthetic-type 
compounds of this invention. Other preferred linkers and/or linker "cores" are 

15 exemplified below in Table 2 and Figure 4 . 

(N-Arvl) 



20 




(Aryl-Arvl) 



25 
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The multibinding compounds of this invention may also include one or more 
chiral centers. Such centers exist in the monobinding local anesthetic etidocaine, and 

1 0 non-racemic ligands, such as ropivacaine. The centers may be present in the linker of 
the compound, in the other types of binding groups, and in the ligands. Chirality may 
also be present in compounds lacking asymmetric atoms, e.g., in allene, biphenyl, 
spirane and helical compounds. 

In one embodiment, the multibindiiig compound comprises ester linkages 

1 5 which provide for inactivation of the compound by plasma esterases should the 
compound enter the systemic circulation. Such linkages may be introduced into the 
linker or a pendant functionality, or into binding groups and ligands. In a particulariy 
preferred embodiment of the invention that is generally applicable to compounds of 
Formula 1, the cleavage of an ester bond in a ligand substituent converts a 

20 multibinding local anesthetic compound of long duration into a nontoxic membrane- 
impermeant comfX)und, thereby eliminating or greatly reducing its systemic toxicity. 

Accordingly, presently preferred embodiments are hereinafter represented by 
Formulas la, lb and Ic, 

25 Ar-W-NfR^).Z-N(R')-W-Ar la 

Ar-W-Y^-Z'-V^-W-Ar lb 



Ar-W-N^(R^)(R')-Z"-NXRO(R*)-W.Ar Ic. 



30 
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Representative compounds are shown in Table 2. These compounds were 
characterized by mass spectroscopy and tested for activity in representative and well- 
accepted assays described herein (see Igslinfi-below). Compounds 156 and 170 are 
synthetic intermediates of compounds of Formula 1. 

5 
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Methods of Preparation of Compounds of Formula I 

The linker or linkers, when covalentiy attached to multiple copies of the 
5 ligands, provides a biocompatible, substantially non-immunogenic multi-binding 
compound. The biological activity of the multibinding Na* chamiel binding 
compound is highly sensitive to the geometry, composition, size, flexibility or 
rigidity, the presence or absence of anionic or cationic charge, the relative 
hydrophobicity/hydrophilicity, and similar properties of the linker. Accordingly, the 

1 0 linker is preferably chosen to maximize the biological activity of the multi-binding 
compound. The linker may be biologically "neutral," i.e., not itself contribute any 
biological activity to the multi-binding compound, or it may be chosen to enhance the 
biological activity of the compound. In general, the linker may be chosen from any 
organic molecule construct that orients two or more ligands to the receptors to permit 

15 multi valency. In this regard, the linker can be considered as a "framework" on which 
the ligands are arranged in order to bring about the desired ligand-orienting result, and 
thus produce a multi-binding compound. 

For example, different orientations of ligands can be achieved by varying the 
geometry of the framework (linker) by use of mono- or polycyclic groups, such as 

20 aryl and/or heieroaryl groups, or structures incorporating one or more carbon-carbon 
multiple bonds {alkenyl. alkenylene, alkynyl or alkynylene groups). The optimal 
geometry and composition of frameworks (linkers) used in the multi-binding 
compounds of this invention are based upon the properties of their intended receptors. 
For example, it may be preferred in some cases to use rigid cyclic groups (e.g., aryl, 

25 heteroaryl). or in other cases non-rigid cyclic groups (e.g., cycloalkyl or crown 
groups) to reduce conformational entropy when desired. 

Different hydrophobic/hydrophilic characteristics of the linker as well as the 
presence or absence of charged moieties can readily be controlled by the skilled 
artisan. For example, the hydrophobic nature of a linker derived from hexamelhylene 

30 diamine (H,N(CH2),,NH.) or related polyamines can be modified to be substantially 
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more hydrophilic by replacing Ihe alkylene group with a poly{oxyalkylene) group 
such as found in the commercially available "Jeffamines" (class of surfactants). 

Different frameworks can be designed to provide preferred orientations of the 
Hgands. The identification of an appropriate framework geometry for ligand domain 
5 presentation is an important first step in the construction of a multibinding agent with 
enhanced activity. Systematic spatial searching strategies can be used to aid in the 
identification of preferred frameworks through an iterative process. Figure 5 
illustrates a useful strategy for determining an optimal firamework display orientation 
for ligand domains and can be used for preparing the bivalent compounds of this 

1 0 invention. Various alternative strategies known to those skilled in the art of molecular 
design can be substituted for the one described here. 

As shown in Fig. 5, the ligands (shown as filled circles) are attached to a 
central core structure such as phenyldiaceiylene (Panel A) or cyclohexane 
dicarboxylic acid (Panel B). The ligands are spaced apart from the core by an 

1 5 attaching moiety of variable lengths m and n. If the ligand possesses multiple 

attachment sites (see discussion below), the orientation of the ligand on the attaching 
moiety may be varied as well. The positions of the display vectors around the central 
core structures are varied, thereby generating a collection of compounds. Assay of 
each of the individual compounds of a collection generated as described will lead to a 

20 subset of compounds with the desired enhanced activities (e.g., potency, selectivity). 
The analysis of this subset using a technique such as Ensemble Molecular Dynamics 
will suggest a framework orientation that favors the properties desired. 

The process may require the use of multiple copies of the same cenU^al core 
structure or combinations of different types of display cores. It is to be noted that core 

25 structures other than those shown here can be used for determining the optimal 

framework display orientation of the ligands. The above-described technique can be 
extended to irivalent compounds and compounds of higher-order valency. 

A wide variety of linkers are commercially available (see, e.g., Chem Sources 
USA and Chem Sources International; the ACD electronic database; and Chemical 

30 Abstracts). Many of the linkers that are suitable for use in this invention fall into this 
category. Others can be readily synthesized by methods known in the art, and as 
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described below. Examples are given below and in Figure 4 , but it should be 
understood that various changes may be made and equivalents may be substituted 
without departing from the true spirit and scope of the invention. 

For example, properties of the linker can be modified by the addition or 
5 insertion of ancillary groups into the linker, for example, to change the solubility of 
the multibinding compound (in water, fats, lipids, biological fluids, etc.), 
hydrophobicity, hydrophilicity. linker flexibility, antigenicity, stability, and the like. 
For example, the introduction of one or more poly(ethylene glycol) (PEG) groups 
onto the linker enhances the hydrophilicity and water solubility of the multibinding 
1 0 compound, increases both molecular weight and molecular size and, depending on the 
nature of the unPEGylated linker, may increase the in vivo retention time. Further, 
PEG may decrease antigenicity and potentially enhances the overall rigidity of the 
linker. 

Ancillary groups that enhance the water solubility/hydrophilicity of the linker. 

1 5 and accordingly, the resulting multibinding compounds, are useful in practicing this 
invention. Thus, it is within the scope of the present invention to use ancillary groups 
such as, for example, small repeating units of ethylene glycols, alcohols, polyols, 
(e.g., glycerin, glycerol propoxylate, saccharides, including mono-, oligosaccharides, 
etc.) carboxylates (e.g.. small repealing units of glutamic acid, acrylic acid, etc.). 

20 amines (e.g.. teiraethylenepemamine). and the like to enhance the water solubility 
and/or hydrophilicity of the multibinding compounds of this invention. In preferred 
embodiments, the ancillary group used to improve water solubility/hydrophilicity will 
be a polyether. In particularly preferred embodiments, the ancillary group will 
contain a small number of repeating ethylene oxide (-CHXHiO-) units. 

25 The incorporation of lipophilic ancillary groups within the structure of the 

linker lo enhance the lipophilicity and/or hydrophobicity of the compounds of 
Formula 1 is also within the scope of this invention. Lipophilic groups useful with the 
linkers of this invention Include, but are not limited to, lower alkyl, aromatic grOUpS 
and polycyclic aromatic groups. The aromatic groups may be either unsubstituted or 

30 substituted with other groups, but are at least substituted with a group which allows 
their covalent attachment to the linker. As used herein the term ''aromatic groups'" 
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incorporates both aromatic hydrocarbons and heterocyclic aromatics. Other lipophilic 
groups useful with the linkers of this invention include fatty acid derivatives which 
may or may not form micelles in aqueous medium and other specific lipophilic groups 
which modulate interactions between the multibinding compound and biological 
5 membranes. 

Also within the scope of this invention is the use of ancillary groups which 
result in the compound of Fonnula I being incorporated into a vesicle, such as a 
liposome, or a micelle. The term "lipid" refers to any fatty acid derivative that is 
capable of forming a bilayer or micelle such that a hydrophobic portion of the lipid 

10 material orients toward the bilayer while a hydrophilic portion orients toward the 
aqueous phase. Hydrophilic characteristics derive from the presence of phosphato. 
carboxylic, sulfato. amino. sulfhydryK nitro and other like groups well known in the 
art. Hydrophobicity could be conferred by the inclusion of groups that include, but 
are not limited to. long chain saturated and unsaturated aliphatic hydrocarbon groups 

15 of up to 20 carbon atoms and such groups substituted by one or more aryL heteroaryl, 
cycloalkyl. and/or heterocyclic group{s). Preferred lipids are phosphoglycerides and 
sphingolipids, representative examples of which include phosphatidylcholine, 
phosphatidylethanolamine, phosphatidylserine, phosphatidylinositol, phosphatidic 
acid, palmitoyleoyl phosphatidylcholine, lysophosphatidylcholine, lysophosphatidyl- 

20 ethanolamine, dipalmiioylphosphatidylcholine, dioleoylphosphatidylcholine, 
distearoyl-phosphatidylcholine and dilinoleoylphosphatidylcholine. Other 
compounds lacking phosphorus, such as sphingolipid and glycosphingolipid families, 
are also within the group designated as lipid. Additionally, the amphipathic lipids 
described above may be mixed with other lipids including triglycerides and sterols. 

25 The flexibility of the linker can be manipulated by the inclusion of ancillary 

groups which are bulky and^or rigid. The presence of bulky or rigid groups can hinder 
free rotation about bonds in the linker, or bonds between the linker and the ancillary 
group(s), or bonds between the linker and the ligands. Rigid groups can include, for 
example, those groups whose conformational freedom is restrained by the presence of 

30 rings and/or n-bonds, for example, aryl. heteroaryl, heterocyclic, alkenylene and 
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alkynylene groups. Other groups ihat can impart rigidity include polypeptide groups 
such as oligo-or polyproline chains. 

Rigidity can also be imparled electrostatically. Thus, if the ancillary groups 
are either positively or negatively charged, the similarly charged ancillary groups will 
5 force the linker into a configuration affording the maximum distance between each of 
the like charges. The energetic cost of bringing the like-charged groups closer to each 
other, which is inversely related to the square Oi liie distance between die groups, will 
tend to hold the linker in a configuration that maintains the separation between the 
like-charged ancillary groups. Further, ancillary groups bearing opposite charges will 

1 0 tend to be attracted to their oppositely charged counterparts and potentially may enter 
into both inter- and intramolecular ionic bonds. This non-covalent mechanism will 
tend to hold the linker in a conformation which allows interaction between the 
oppositely charged groups. The addition of ancillary groups which are charged, or 
alternatively, protected groups that bear a latent charge which is unmasked, following 

1 5 addition to the linker, by deprotection, a change in pH, oxidation, reduction or other 
mechanisms known to those skilled in the art, is within the scope of this invention. 

Bulky groups can include, for example, large atoms, ions (e.g., iodine, sulfur, 
metal ions, etc.) or groups containing large atoms, polycyclic groups, including 
aromatic groups, non-aromatic groups and structures incorporating one or more 

20 carbon-carbon n-bonds (i.e.. alkenes and alkynes). Bulky groups can also include 
oligomers and polymers which are branched- or suaight-chain species. Species that 
are branched are expected to increase the rigidity of the structure more per unit 
molecular weight gain than are straight-chain species. 

In preferred embodiments, rigidity (entropic control) is imparled by the 

25 presence of alicyclic (e.g.. cycloalkyl), aromatic and heterocyclic groups. In other 
preferred embodiments, this comprises one or more multi-membered rings (e.g.. 6- 
membered rings). In still further preferred embodiments, the ring is an aryl group 
such as, for example, phenyl or naphihyl, or a macrocyclic ring such as, for example, 
a crown compound. 
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In view of the above, it is apparent that the appropriate selection of a linker 
group providing suitable orientation, entropy and physico-chemical properties is well 
within the skill of the art. 

Eliminating or reducing antigenicity of the multibinding compounds described 
5 herein is also within the scope of this invention. In certain cases, the antigenicity of a 
multibinding compound may be eliminated or reduced by use of groups such as, for 
example, poly(ethylene glycol). 

Preparation of Biv alent Compounds of Formula I 

10 

As indicated above, the preferred compounds of Formula I are bivalent 
compounds which can be represented as L-X-L, where L is a ligand that is the same or 
different at each occurrence, and X is the linker. Accordingly, examples of bivalent 
compounds of Formula I may be prepared as described below, with reference to 

15 Figures 6-14 which illustrate Reaction Schemes A to T . It should be noted, however, 
that the same techniques can be used to generate higher order multibinding 
compounds, i.e., the compounds of the invention where p is 3-10 (see. e.g., Scheme S 
in Figure 13). The substituent groups and linker components illustrated in Schemes A 
to P of Figures 6-lG(e.g., R'. R-, Z, etc.) have the same meanings as described in the 

20 Summary of the Invention , unless otherwise specified. 

A simplification in the description of the preparations is where a compound is 
represented by a formula containing a linking group such as an alkylene chain - 
(CHi)^- (e.g., compounds (9) and (10) in Scheme C). It should be understood that - 
(CH.)^- is not intended to signify or imply that the scope of this reaction (or of the 

25 invention) is limited to straight (i.e. unbranched) alkylene chains, but rather -(CH^)^- 
is intended to include branched alkylenes. substituted alkylenes , and the like, as 
defined and disclosed herein. 

Unless specified to the contrary, the solvents used in the reactions of the 
present invention are inert organic solvents as defined herein. 

30 The reactions described therein lake place at atmospheric pressure within a 

temperature range of fi-om 5°C to lOOX, preferably fi-om 10°C to 50°C, most 
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preferably at "room" or "ambient" temperature, e.g., 20''C, but the preferred 
temperature ranges will be those where the reagents will react within a reasonable 
period, preferably less than 12 hours, unless specified to the contrary. Further, unless 
otherwise specified, the reaction times and conditions are intended to be approximate. 
5 Parameters given in the Examples are intended to be specific, not approximate. 

Reactions performed under standard amide coupling conditions are carried out 
in an inen polar solvent (e.g., DMF, DMA) in the presence of a hindered base (e.g., 
TEA, DIPEA) and standard amide coupling reagents (e.g., DPPA, PyBOP, HATU, 
DCC). 

10 

Preparation of Compounds of Formulae la, lb and Ic 

As described previously, the compounds of Formula la, lb and Ic represent 
subgenera of bivalent compounds of Formula I, in which X is respectively a linker of 
15 Formula 11. Ill and IV (as defined in the Summary of the Invention). 

The preparation of ligand precursors for use in preparing compounds of 
Formulae la. lb and Ic. and of linkers used in compounds of Formula la, is illustrated 
in Reaction Schemes A through D (Figure 6). 

20 Preparation of Linkers 

Starting materials- In general, the diamine and dihalide linkers that are used 
in preparing the compounds of Formula la are commercially available or can be 
prepared by conventional methods known to those of ordinary skill in the art of 
synthetic organic chemisir\'. 

25 Formula (2) - The preparation of a compound of formula (2) from a primary* 

diamine is shown in Scheme A. A primar>' diamine (1) is dissolved under nitrogen in 
an inert organic solvent such as dichloromeihane and is stirred at room temperature 
with a Boc protecting agent (e.g.. Boc.O ) for several hours until the reaction is 
complete, to yield a di-Boc-proiected diamine (18). Alternatively, diamine (1) is 

30 reacted with ethyl formate under standard conditions to yield a difonnamide (19). 
The acylaied products (18) or (19) are collected by precipitation and filtration and are 
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reduced under nitrogen to the N,N' -methyl diamine (2), using a suitable reducing 
agent in an inert organic solvent (e.g., LiAlH4 in dry THF). When reduction is 
complete, the solution is quenched (e.g., with Na2S04 decahydrate solution), and 
compound (2) is isolated by filtration and evaporation of solvent. 

5 

Preparation of Lig and Precursors 

Starting materials- a-halo acid halides (3), anilines (4), phenols (6) and 
benzoic acids or their acid halide derivatives (8) are commercially available. It is 
preferred that compounds (4), (6), and (8) are substituted on the aryl group with one 
1 0 or more substituents as described herein (for examples, see Definitions. Examples 
and Table 2). For the preparation of benzoate ester derivatives of formula (5), the 
preferred starting material is an aminobenzoic acid. Esterification of the acid group is 
typically carried out prior to use of the starting material in the synthesis of formula 
(5). 

1 5 Formula (5) - Compounds of formula (5) are prepared as shown in Scheme 

B. An a-halo acid halide (3) is reacted under nitrogen with an aniline (4). It will be 
recognized that in preparing those compounds of formula (5) where R' and/or R* are 
other than hydrogen, the bromo acid halide derivative of compounds of formula (3) is 
preferred, rather than the chloro derivative. 

20 The addition of the halide is carried out with cooling in an inert organic 

solvent (e.g.. dichloromethane) in the presence of a suitable base (e.g.; DIPEA) to 
scavenge the acid generated. The reaction is thereafter continued at room temperature 
for approximately an hour, then the reaction mixture is concentrated and washed with 
ether to yield an a-halo amide (5). 

25 Formula (7)- Compounds of formula (7) are prepared as shown in Scheme B 

by reacting a compound of formula (3) with a phenol (6) to yield an a-halo ester (7). 
The reaction is carried out under nitrogen with cooling in an inert organic solvent 
(e.g., dichloromethane) in the presence of a suitable base (e.g.. DIPEA), then 
partitioned into ether and water. The ether phase is collected, and rinsed with water, 
30 brine, dried (MgSOj). filtered, concentrated and purified by chromatography to yield 
an a-halo ester (7). 
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Formula (1 1) - ohalo benzylamide compounds of formula (11) are prqjared 
as shown in Scheme C, by reacting a benzoic acid (8a) under standard amide coupling 
conditions to an -halo-amine (9), where m< 10 and preferably not 4 or 5, to yield 
amide (11 ). Benzoic acids are coupled using standard amide coupling reactions. 
5 Preferably, a hindered base is employed, preferably diisopropylethylamine, in the 
presence of benzotriazol-l-yloxytripyrro!idino phosphonium hexafluorophosphate 
(PyBOP) and 1 -hydroybenzouiazole (HOST), i ne reaction is conducted in an inert 
polar solvent, for example, N, N-dimeihylformamide (DMF) or dimethy" sulfoxide 
(DMSO), or preferably a mixture of both, at about room temoerature. 

10 Formula (12)- u> -halo benzylester compounds of formula (12) are prepared as 

shown in Scheme C, by reacting an appropriately substituted benzoyl halide 
compound (8b) with an a> -halo alcohol (10), where m < 10 and preferably not 4 or 5, 
in the presence of a nonnucleophilic base (e.g. pyridine) in an inert solvent (e.g. ether) 
to yield a precipitate. The crude product is redissolved in ether water soluble 

1 5 impurities are removed by washing, and the ether layer is concentrated to yield o) - 
halo benzylester (12). 

Formula (16)- The preparation of ligand precursors with alkyl ether sidechain 
substitutions of the aryl group, i.e., compounds of Formula (16) where R'° is an alkyl 
group typically having one or more carbon atoms is shown in Scheme D. Nitrophenol 

20 (13) is prepared by reacting an appropriately substituted phenol with sodium nitrate as 
described in Example 5 below. Nitrophenol (13) is reacted under a nitrogen 
atmosphere in an inert solvent (e.g., DMF) with an alkyl halide in the presence of base 
<e.g., potassium carbonate) for about 12 hours to yield nilro-substituted arylelher (14). 
Compound (14) is extracted from the reaction mixture into ethyl acetate/hexanes (1:1 

25 v/v) and concentrated. Catalytic hydrogenation of compound (14) yields amine (15). 
After removal of the catalyst by filtration, the filtrate is concentrated to provide amine 

(15) . Amine (15) is dissolved in an inert solvent (e.g., dichloromethane), then 
coupled in the presence of DIPEA to a-halo acid halide (3) to yield (16). Compound 

(16) is isolated by organic phase extraction and concentration. 

30 
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CorFP^""^^ Formula la 

The preparation of compounds of Formula la is illustrated in Reaction 
Schemes E through J of Figures 7 and 8, 

Formula (21)- A compound of Fomiula la represented by formula (21), is 
5 preferably prepared by Scheme E (where and R^ may be the same or different 
substitutents) or G (where R^ and R^ are the same substituent). In Scheme E, 
approximately 2 equivalents of an appropriately substituted a-halo amide (5), one 
equivalent of linker (2) and 2.5 equivalents of base (e.g.,DIPEA) arc dissolved in an 
inert organic solvent (e.g., ethanol) under a nitrogen atmosphere and refluxed at about 
1 0 85°C until the reaction is complete. The bivalent compound of formula (21) is 
isolated by crystallization from the reaction mixture at room temperature. 

An alternate route is shown in Scheme G. The first step is carried out with a 
linker of formula (1) essentially as described above for Scheme E to yield a 
compound of Formula la represented by formula (26). In the next step, one equivalent 
1 5 of (26) is dissolved in alcohol and refluxed for about 1 2 hours under a nitrogen 
atmosphere with approximately two equivalents of alkyi halide (27) to yield a 
compound of Formula la represented by formula (21). Compound (21) is purified by 
chromatography (e.g., silica gel), convened lo an acid salt and and precipitated from 
an organic solvent. 

20 Another possible route for preparing compound (21) is shown in Scheme F of 

Figure 7. According to Scheme F of Figure 7, compound (5) is coupled to a primary 
alkylamine (22) in the presence of base lo yield a compound of formula (23). 
Compound (23) is then coupled with a dihalide linker (24) in the presence of base to 
yield compound (21). Using a variation of Scheme F (see, e.g., Preparation pf 

25 Bivalent Heterovalomers ). compounds of Formula la can be synthesized where R^^^R"* 

Formula (33)- Compounds of Formula la having the structure of Formula 
(33) are prepared according to Scheme H of Figure 7. Accordingly, a nipecolinic acid 
derivative (30) is reacted with an amine-protecting group (e.g., Cbz) under standard 
30 conditions to form an N-protected compound of formula (31). Compound (31) is 
reacted under nitrogen with an equivalent of suitably substituted aniline (4) imder 
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Standard amide coupling conditions. The amide product is deprotected by catalytic 
hydrogenation, and following removal of the catalyst by filtration, the deprotected 
amide (32) is concentrated. Two equivalents of compound (32) is reacted under 
nitrogen with one equivalent of a dihalide linker (24) in the presence of base at 80°C 
5 for about 12 hours. A compound of Formula la represented by formula (33^ is 
isolated from the reaction mixture by preparative HPLC, followed by lyophilization. 

Formula (40)- Compounds of Formula la having the structure represented by 
formula (40) are prepared as illustrated in Scheme M of Figure 8. Approximately 
two equivalents of an appropriately substituted benzoic acid (8a) is reacted overnight 

10 in an inert organic solvent (e.g., DMF) under a niu-ogen atmosphere and under 

standard amide coupling conditions with approximately one equivalent of linker (1). 
The product, compound (40) is purified by preparative HPLC. 

Formula (52)- Compounds of Formula la having the structure represented by 
formula (52) are prepared as illustrated in Scheme J of Figure 8. An aminobenzoic 

1 5 acid compound (45) is dissolved in a polar solvent (e.g.. acetonitrile) under nitrogen 
and is reacted at elevated temperature (e.g., 90^C ) with a carboxy-protecting agent 
such as benzyl bromide to yield a compound of formula (46). 

Compound (46) is dissolved in an inert organic solvent (e.g., ether) and is 
reacted under nitrogen with an amine-protecting group (e.g., trifluoroacetic anhydride, 

20 0°C ) for several hours, then concentrated to yield a compound of formula (47). 

Approximately two equivalents of compound (47) is coupled with one 
equivalent of a dihalide (24) by refluxing with base and a catalyst (e.g., benzyliriethyl 
ammonium chloride) in an inert solvent for about 48 hours, then concentrated and 
purified (e.g.. by silica gel chromatography) to yield a compound of formula (48). 

25 Compound (48) is deprotected at the COOH group to yield (49). Amide coupling 
with amine (50) (where R'** is alkylene or substituted alkylene, preferably 
dialkylaminoalkyl) is carried out at room temperature for several days under nitrogen 
under standard coupling conditions to yield compound (51), which, after 
concentration and purification (e.g.. by chromatography) is N-deproiected to yield a 

30 compound of Formula la having the structure represented by formula (52). 

-75- 



BNSDOCID <WO 995i56SAtJA> 



wo 99/51565 



PCTAiS99/07263 



Compound?; of Fonnula lb 

Reaction Schemes K-M of Figure 9 illustrate the preparation of compounds of 
Formula lb having cyclic secondary amine linkers of the formula shown below, 

Q' 

where Q and Q' may be the same or different alkylene or substituted alkylene chains 
(preferably oligoethylene glycol chains), and Y' and Y** may be the same or different 
10 and are defined as in the Summary of the Invention. 

The preparation of a compound of Formula lb where linker X is a piperazine 
group is described below in Example 13B. 

Although not shown here, it should be understood that those compounds of 
Formula lb with linkers comprising multiple N-containing heterocyclic rings can be 
1 5 prepared by reactions analogous to those shown in Schemes K-M of Figure 9. 

Starting materials- In general, the cyclic secondary amine linkers that are 
used in preparing the compounds of Formula lb are commercially available or can be 
prepared by methods known to those of ordinary skill in the art of synthetic organic 
20 chemistry. 

Formula (61)- Compounds of Formula lb having the structure represented by 
formula (61) are prepared as illustrated in Scheme K of Figure 9. 

Approximately one equivalent of a compound of formula (60) is dissolved in 
alcohol and refluxed under nitrogen with approximately 2.5 equivalents of an 
25 elecirophilic precursor (5) in the presence of a hindered base (e.g., DIPEA) for about a 
week to yield a compound of Formula lb having the structure of formula (61). 
Compound (6i) is isolated by organic extraction and purified by chromatography 
(e.g., on silica gel). 

An alternative synthesis of a compound of formula (61) is shown in Scheme M 
30 of Figure 9. It will be recognized that the use of a chiral amino acid (65) affords 
stereoselective synthesis of compound (61). As shown in Scheme M, N-protecied 
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amino acid (65) is coupled under nitrogen and under standard amide coupling 
conditions (e.g., HATU, HOAt, DIPEA in DMF) to aniline (4) to form compound 
(66). Compound (66) is deprotected (e.g., by catalytic hydrogenation) to form 
compound (67). Compound (67) is concentrated, dissolved in ethanol under nitrogen 
5 and two or more equivalents is reacted with an equivalent of dihalide (68), where Q is 
preferably alkylene or substituted alkylene, for several days in the presence of base at 
elevated temperature (e.g.. 75**C) to yield compound (61) after conventional isolation 
and purificaiion (e.g., concentration ar d silica gel chromatography). 

It should be noted also that Scheme M can be used to prepare chiral 

10 compounds of Formula la (e.g., by linking a chiral compound (67) to an alkyl halide). 

Formula (64)- Compounds of Formula lb having the structure represented by 
formula (64) are prepared according to Scheme L of Figure 9. 

Approximately 1 equivalent of Compound (60) is reacted with cooling with 
approximately 2 equivalents of a halogen-substituted acyl chloride (62), which is 

15 commercially available or otherwise prepared by methods known in the art. 
The resulting intermediate (63) is refluxed for several days under nitrogen with 
approximately 2.5 equivalents of compound (23) (prepared as shown in Scheme F of 
Figure 7). then isolated and purified by conventional methods (e.g.» organic phase 
extraction and silica gel chromatography) to yield compound (64). 

20 Formula (42)- Compounds of Formula lb having the structure represented by 

formula (42) are prepared according to Scheme 1-2 of Figure 8. Two or more 
equivalents of an appropriately substituted benzoyl halide (8b) (e.g.. chloride) are 
coupled to an equivalent of dio! linker (41 ) in the presence of nonnucleophilic base 
(e.g. pyridine) in an inen solvent (e.g., THF, dichloromethane) to form a bivalent 

25 compound having the structure of formula (42). Compound (42) is purified by 
chromatography (e.g.. silica gel). 

Formula (95)- Compounds of Formula lb having the structure represented by 

formula (95) (where R and R' are alkyl groups, which may be the same or different, n 
= 1-10, preferably 2 - 5. and the chiral center is denoted by an asterisk) are prepared 
30 according to Scheme T of Figure 14. It should be understood that the aryi groups 
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shown here are for illustrative purposes and are not intended to limit the scope of the 
invention. 

Referring to Scheme T, a diaminoacid compound of formula (90) (where PG| 
and PG. are differentially removed N-protecting groups (e.g., Boc and Cbz or Boc and 
5 Fmoc)) is coupled with an aryl group (e.g., 2,6-dimethylaniline) (not shown) under 
standard amide coupling conditions (e.g., HATU, HOAT, DIPEA) to form a 
compound of formula (91). Compounds of formula (90) having n <: 5 are 
commercially available, whereas compounds with n >5 can be synthesized by 
conventional well-known methods. 

1 0 The compound of formula (91 ) is converted to a compound of formula (92) by 

removal of the PG^ group as follows, for example,: where PG, is Boc and PG^is 
Fmoc, the compound is incubated with piperidine in DMF; where PG, is Boc and PGi 
is Cbz, the compound is treated with H, in the presence of 10% Pd/C catalyst: and 
when PG, is Fmoc and PG. is Boc, the compound is treated with TFA in 

15 dichloromethane. 

A compound of formula (92) is alkylated by a compound of formula (5) 
(Scheme B) at elevated temperature (e.g., 80°C) in the presence of base (e.g., DIPEA), 
to afford a compound of formula (93). which is purified by chromatography (e.g., 
silica gel). 

20 Deproiection of a compound of formula (93) is carried out by treatment with 

piperidine in DMF (Fmoc removal), or by treatment with TFA in dichlofomethane 
(Boc removal) for example, thus yielding a compound of formula (94). Compounds 
of formula (94) are optionally alkylated (by reductive alkylation or direct alkylation) 
to form compounds of formula (95). 

25 Altcmatively. alkylation can be carried out after Step 3 and before Step 4, and 

the alkylated product isolated by chromaiography (e.g., silica gel). Following 
deprotection to remove PG,, the deprotected amino group is then alkylated. This 
procedure is used for example to synthesize compounds of formula (95) where R*R*. 
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Compounds of Formula Ic 

The preparation of compounds of Formula Ic (i.e., bivalem compounds having 
a bis-quaiemary amine linker) is shown in Schemes N lo P of Figure 10. 

Formula (70)- Compounds of formula (70) are prepared preferably as shown 
5 in Scheme N, where K\ and may be the same or different. A compound of 
formula (21) (prepared according to Schemes E-G of Figure 7). is reacted with an 
excess of alkylating agent (40) in the presence of base at elevated temperature (e.g. 
85°C) for about 24 hours, to yield a compound of formula (70). 

Formula (72)- Compounds of formula (72) can be prepared by coupling two 
1 0 or more equivalents of ligand precursor (5) to an equivalent of tertiary amine linker 
(71) in the presence of base to yield a compound of formula (72). 

Formula (73)- Compounds of formula (73) are prepared by reacting a 
compound of formula (26) (prepared as described in Scheme G of Figure 7) with 
excess alkylating agent (27) in the presence of base to yield a compound of formula 
15 (73). 

It is understood that altering reaction stoichiometrics and conditions will yield 
a mixed quaiemary/teniary amine of the formula, 



Ar-W-N N-W-Ar 
20 R^' R^ R'' 



or 



Ar-W-N N-W-Ar 

.>•/ V i' 



25 Such compounds are covered by Formula IV\ wherein one of R' or R* is not present. 



Preparation cf Bivalent Heterovalomers 

Heterovalomers (i.e., multibinding compounds with nonidenlical ligands) are 
prepared for example by the following methods. 
30 Method 1 : Synthesis of a monoadduct (i.e., hnker-ligand conjugate) followed 

by coupling to a nonidentical ligand. 
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The preparation of Aryl-N linked heierovalomers having the structure 
represented by formula (80) is shown, for example, in Scheme Q of Figure 1 1 . 

Formula (80)- A compound of formula (47) (prepared as described in 
Scheme J of Figure 7), is reacted with five equivalents of a dihalide such as di- 
5 iodoalkane, under reflux with base and a catalyst (e.g., iriethylbenzylammonium 

bromide) in an inert organic solvent overnight, then concentrated and purified (e.g., by 
silica gel chromatography) to yield a compound of formula (76). Compound (76) is 
reacted with two equivalents of a comp'.)und of formula (23) (prepared for example as 
shown in Scheme F of Figure 7) in the presence of base in an organic solvent at about 
10 6(fC with siirring overnight to afford a compound of formula (77) which is 

concentrated and purified chromatographically (e.g.. silica gel). Compound (77) is 
deproiected at the carboxy group to yield (78). Compound (78) is esterified by 
reaction with N.N-dimethylethanolamine in the presence of DIPEA, HATU and 
HOAT to form a compound of formula (79), which is purified by chromatography 
15 (e.g., silica gel). 

Deprotection of compound (79) is carried out by reaction with methylamine in 
THF to afford an (N-Aryi) heterovalomer of formula (80), which is purified by 
chromatography (e.g.. silica gel). 

Method 2 : Isolation of monoadduct from dimerization reactions 
20 A side product of the previously described dimerization reactions is the 

monoadduct (i.e.. linker-ligand conjugate), which can be separated froni the dimer by 
conventional chromatographic techniques. The stoichiometry of the reaction can be 
adjusted to favor production of the monoadduct (e.g.. a 1 :1 molar ratio of linker to 
ligand ). 

25 A monoadduct comprising one type of ligand can be coupled to a different 

ligand using essentially the same reaction conditions as described above with 
reference to Schemes E-M of Figures 7-9. This method is illustrated in Scheme R of 
Figure 12 for compounds 144 and 145 (Table 2) and is described in detail in Example 
22 below. 

30 

Preparation of Orientational Analogs of Bivalent Compounds 
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The orientation of a ligand with respect to the linker may be varied, as 
described previously, by coupling two ligands of the same type to a linker through 
difTercnl functional attachment points. The preparation of such compounds may be 
carried out by conventional variations of the methods described above for 
5 heterovalomers. 

Alternatively, such compounds may be prepared by using a monoprotected 
linker to form a ligand-linker conjugate, which is then deprotected and coupled to a 
second liganu of the same t>'pe through a different functionality. A variation of this 
method is shown, for example, in Scheme T of Figure 14 and exemplified in Example 
10 24. Scheme T of Figure 1 4 illusn^tes a preferred route for the synthesis of C„ -N 
orientaiional analogs, using a ligand precursor to form a ligand precursor-linker 
conjugate. The synthesis of this ligand is completed after the second ligand is linked 
to the linker (i.e., in steps 4 and 5).. 

15 Preparation of Compoun ds of Formula I where p=3-10 

Compounds of Formula I of higher order valency, i.e. p>2, can be prepared by 

simple extension of the above strategies, for example, by coupling ligands to a cenual 

core bearing multiple functional groups (see, e.g.. Reaction Scheme S of Figure 13) or 

to a tetrahedral atom such as carbon or nitrogen. The reaction conditions are the same 
20 as described above for the preparation of bivalent compounds, with appropriate 

adjustments made in the molar quantities of ligand and reagents. 

Referring to Reaction Scheme S, three or more molar equivalents of an 

appropriately substituted N-ar\'l-2-haloaceiamide is reacted with one equivalent of a 

triamine or triamine salt, preferably in an ethanolic solution containing 
25 diisopropylethylamine under an inert atmosphere with mild heating, e.g. SC'C, for 

several hours until the reaction is complete. For reaction of secondary amines, the 

solution is preferably heated at reflux. 

The trivalent compound is isolated and purified by conventional means. 

preferably by precipitation and filtration. For preparation of compounds of higher- 
30 order valency, a similar procedure is followed, using an appropriate number of moles 

of halocompound. 
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When it is desired to incorporate degradable ester linkages into the multivalent 
compound, this may be accomplished by the use of a local anesthetic-type binding 
group having an ester rather than an amide linkage (see. e.g.. Table 2, compounds 71 , 
73, 100 and others.) An alternative route is shown in Scheme I-! of Figure 8 
5 (formation of compound (42)). Alternatively, one or more ester linkages may be 
incorporated into the linking framework, as illustrated below. 



15 jsplatjQfi ftn<j PMrilfiP^tipri of th^ Compwpd? 

Isolation and purification of the compounds and intermediates described herein can be 
effected, if desired, by any suitable separation or purification such as, for example, 
filtration, extraction, crystallization, column chromatography, thin-layer 
chromatography, thick-layer chromatography, preparative low or high-pressure liquid 

20 chromatography or a combination of these procedures. Specific illustrations of 

suitable separation and isolation procedures can be had by reference to the Examples 
herein below. However, other equivalent separation or isolation procedures could, of 
course, also be used. 

25 Tesung 

Local anesthetics can be tested for activity in various well-known assays (e.g., 
the batrachotoxin (BTX) displacement assay {McNeal e( al, J. Med Chem. 28: 381 
(1985)), patch clamp method (5ce, ge/7era//y, Neher and Sakmonn. * The Patch 
Clamp Technique, "Scientific American pp. 44-51 (1992): Hamill et al Pflugers 
30 Arch. 391: 85 (1981); intact isolated nerve assay, e.g., isolated frog sciatic nerve (see 
Example 13 described below); blockage of the cutaneous trunci muscle reflex 



10 




O 
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(CTMR) in guinea pigs (Bulbring et ai J. Pharmacol. Exp. Therap. 85: 78-84 (1945): 
Blight ei ai 1 Compar. Neurology 296: 614-633 (1990): Choi et ai Life Sci. 61: 
PLl 77^4 (1997)). Evaluation of motor and sympathetic function during sciatic nerve 
block in the rai is described, e.g., in Grant et al Anestk Analg. 75: 889-94 (1992). 
5 and Thalhammer et al. Anesthesiology 82: 1013-25 (1995), 

The multi-binding compounds prepared as described above were screened for 
voltage-gated Na' ion channel binding and functional activities as exemplified in 
Examples 25-28 below. 

10 Utility 

The compounds of Formula I are useful in modulating the activity of voltage- 
gated Na* channels in mammals, e.g., humans. They will typically be used for the 
prevention and alleviation of pain, e.g., for topical anesthesia, infiltration anesthesia, 
field block anesthesia, nerve block anesthesia, spinal anesthesia, epidural anesthesia. 

1 5 post-operative analgesia, post-anhroscopic pain management, inflammatory pain, 
neuropathic pain, depression, seizure (epilepsy) and neuroprotection (stroke) and are 
useful for other indications, e.g., protection and recovery from ischemia ( Lantos et 
al. Arch Int. Pharmacodyn. Ther 331: 179(1996)), asthma {Hunt et aL Mayo Clin. 
Proc 71: 361 (1996). rapid heartbeat (Gorgels et al. Am. J. Cardiol. 78: 43 (1996)). 

20 cardiac arrhythmia (Rosen et al, Am. Heart J. 89: 526 (1975), natriuresis (Wyeth et al. 
Life Sci. 60: 473 (1997) proctitis and active distal ulcerative colitis (Arlander et ai 
Aliment. Pharmacol. Ther 10: 73 (1996)). inflammatory bowel disease and irritable 
bowel syndrome. 

25 Pharrn^pepti^^l Fonrntil^tiQns 

When employed as pharmaceuticals, the compounds of Formula 1 are usually 
administered in the form of pharmaceutical compositions. This invention therefore 
provides pharmaceutical compositions which contain, as the active ingredient, one or 
more of the compounds of Formula I above or a pharmaceuiically acceptable salt 

30 thereof and one or more pharmaceuiically acceptable excipients, carriers, diluents, 
permeation enhancers, solubilizers and adjuvants. One or more compounds of 
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Formula 1 may be administered alone or in combination with other therapeutic agents 
(e.g., vasoconstrictors, anti-inflammatory agents, antibiotics, other monobinding 
anesthetic bases and salts, counter-irritants), carriers, adjuvants, permeation 
enhancers, and the like. The compounds may be formulated using conventional 
5 techniques such as those described in Remington s Pharmaceutical Sciences, N4ace 
Publishing Co., Philadelphia, PA 1 7* Ed. (1985) and ''Modern Pharmaceutics. '* 
Marcel Dekker, Inc. 3"* Ed. (G.S. Banker & C.T. Rhodes, Eds.). Pharmaceutical ly 
acceptable salts of the active agents (e.g., acid addition salts) may be prepared using 
standard procedures known to those skilled in the art of synthetic organic chemistry 

1 0 and described, e.g., by J. March. Advanced Organic Chemistry : Reactions, 
Mechanisms and Structure. 4'^ Ed. (New York: Wiley-Inter science, 1992). 

The compounds of Formula 1 may be administered by any of the accepted 
modes of administration of agents having similar utilities, for example, by oral, 
topical, or by parenteral routes (e.g., intradermal, intravenous, subcutaneous, 

15 intramuscular), intra-articular, intraspinal, epidural , rectal, vaginal, or 

transdermal/transmucosal routes. The most suiuble route will depend on the nature 
and severity of the condition being treated. Subcutaneous, intradermal and 
percutaneous injections (intended to deliver the agent in close proximity to a 
peripheral nerve trunk) are preferred routes for the compounds of this invention. In 

20 making the compositions of this invention, the active ingredient is customarily diluted 
by an excipient. Some examples of suitable excipients include lactose, dextrose, 
sucrose, sorbitol, manniiol. starches, gum acacia, calcium phosphate, alginates, 
tragacanth, gelatin, calcium silicate, microcrystalline cellulose. PEG, 
polyvinylpyrrolidone, cellulose, water, sterile saline, syrup, and methyl cellulose. The 

25 formulations can additionally include: lubricating agents such as talc, magnesium 
stearate, and mineral oil: weiring agents: emulsifying and suspending agents; 
preserving agents such as methyl- and propylhydroxy-benzoaies: sweetening agents; 
and flavoring agents. The compositions of the invention can be formulated so as to 
provide quick, sustained or delayed release of the active ingredient after 

30 administration to the patient by employing procedures known in the art. 
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Alternatively, the compounds of this invention may be solubilized and 
encapsulated (e.g., in a liposome or a biodegradable polymer), or used in the form of 
microcrystals coated with an appropriate nontoxic lipid (see, e.g., PJ.Kuzma et ai 
Regional Anesthesia 22 (6): 543-551 (1997). 
5 The compositions may be formulated to provide for drug latentiation by the 

conversion of hydrophilic drugs into lipid-soluble drugs. Latentiation is generally 
achieved through blocking of the hydroxy, carbonyl. sulfate, and primary amine 
groups present on the drug to render th(- drug more lipid soluble and amenable to 
transportation across tissue barriers. 

10 These compositions may be formulated as oral sprays. Compositions for 

inhalation or insufflation include solutions and suspensions in pharmaceutical ly 
acceptable, aqueous or organic solvents, or mixtures thereof, and powders. The liquid 
or solid compositions may contain suitable pharmaceutically acceptable excipients as 
descnoed supra. Compositions in preferably pharmaceutically acceptable solvents 

1 5 may be nebulized by use of inert gases. Nebulized solutions may be inhaled directly 
from the nebulizing device or the nebulizing device may be attached to a face mask 
tent, or intermittent positive pressure breathing machine. Solution, suspension, or 
powder compositions may be administered, preferably orally or nasally, from devices 
which deliver the formulation in an appropriate manner. 

20 For topical use, the compositions can be in the form of emulsions, creams, 

jelly, solutions, ointments containing, for example, up to 5% by weight of the acti\ e 
compound. For parenteral administration, the compositions can be in the form of 
sterile injectable solutions and sterile packaged powders. Some examples of suitable 
excipients include lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum acacia. 

25 calcium phosphate, alginates, tragacanih, gelatin, calcium silicate, microcrystaliine 
cellulose, polyvinylpyrrolidone, cellulose, water, saline, syrup, and methyl cellulose. 
The formulations can additionally include: lubricating agents such as talc, magnesium 
stearate. and mineral oil: weuing agents; emulsifying and suspending agents; 
preserving agents such as methyl- and propylhydroxy-benzoates; sweetening agents: 

30 and flavoring agents. 
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The compositions of the invention can be formulated so as to provide quick, 
sustained or delayed release of the active ingredient after administration to the patient 
by employing procedures known in the art. Controlled release drug delivery systems 
include osmotic pump systems and dissolutional systems containing pol)mier-coated 
5 reservoirs or drug-polymer mauix formulations. Examples of controlled release 
systems are given in U.S. Patent Nos. 3,845,770 and 4,326,525 and in PJ.Kuzma et 
ai Regional Anesthesia 22 (6): 543-551 (1997), all of which are incorporated herein 
by reference . 

Another preferred formulation for use in the methods of the present invention 

1 0 employs transdermal delivery devices ("patches"). Such transdermal patches may be 
used to provide continuous or discontinuous infusion of the compounds of the present 
invention in controlled amounts. The construction and use of transdermal patches for 
the delivery of pharmaceutical agents is well known in the art. See, e,g., U.S. Patent 
Nos. 5,023,252; 5,719,197; and 4,992,445 , all of which are incorporated herein by 

1 5 reference. Such patches may be constructed for continuous, pulsatile, or on demand 
delivery of pharmaceutical agents. 

The comjx)sitions are preferably formulated in a unit dosage form. The term 
"unit dosage forms" refers to physically discrete units suitable as unitary dosages for 
human subjects and other mammals, each unit containing a predetermined quantity of 

20 active material calculated to produce the desired therapeutic effect, in association with 
a suitable pharmaceutical excipienl (e.g., an ampoule). 

The multibinding compounds of the present invention, or their 
pharmaceutical ly acceptable salts, are administered in a therapeutically effective 
amount. The duration of action and/or potency of such compounds will be increased 

25 by comparison with monobinding local anesthetics, thus dosage and dosing schedule 

must be adjusted accordingly. It will be understood, however, that the amount of the 
compound actually administered will be determined by a physician, in the light of the 
relevant circumstances, including the condition to be treated, the chosen route of 
administration, the actual compound administered and its relative activity, the age, 
30 weight, and response of the individual patient, the severity of the patient's symptoms, 
and the like. 
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The following fonnulation examples illustrate representative pharmaceutical 
compositions of the present invention and should not be considered as limiting in any 
way the invention being disclosed. In particular, a vasconstrictor, preferably 
epinephrine, may be added to the following fonnulations in order to provide a 
preparation that has a longer duration of action. Additionally, addition of lidocaine to 
the formulations provides a preparation with an enhanced onset time of anesthesia. 



10 



15 



20 



Ingredient 
Sodium Chloride 
Methylparaben 
Compound of Formula 1 
Water for injection 



Ingredient 

Compound of Formula 1 

Zinc oxide 

Starch 

Calamine 

While petrolatum 



Fnnnulation Example 1 
Solution for Injection 



Formulation Example 2 
Paste 



Quantity 

0.9% (0.9 g/100 mL) 
1 mg/mL 

0.5% (0.5 g/100 mL) 
to 100 mL 



Ouamitv (%) 
1 

25 
25 
5 

to 100 



25 



30 



lngr^(jiept 

Compound of Formula 
White petrolatum 
While wax 



Kormulation Example 3 
Ointmenl 



Qu^mi^y r/p) 

10 

to 100 

5 
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10 



15 



20 



25 



formulation Fxample 4 
Cream 



Ingredient 

Compound of Formula 1 
Oleaginous phase 

Spermaceti 

White wax 

Almond oil 
Aqueous phase 

Sodium borate 

Stronger rose water 

Purified water 
Aromatic 

Rose oil 



Gel 



Compound of Formula I 
Meihocel 90 H.C. 4000 
Carbopol 934 
Propylene glycol 
Methylparaben 
Purified water 



Quantity (%) 
0.5 

12.5 
12.0 
55.5 

0.5 
2.5 
16.5 

0.02 



QMantitv (%) 
2 

0.8 
0.24 
16.7 
0.015 
to 100 



In order to further illustrate the present invention and advantages thereof, the 
following specific examples are given but are not meant to limit the scope of the 
claims in any wav. 



30 EXAMPLES 

In the examples below, all temperatures are in degrees Celsius (unless 
otherwise indicated) and all percentages are weight percentages (also unless otherwise 
indicated). 

Numbered compounds referred to in the examples below (e.g. compound 85) 
35 correspond to compounds of Formula I shown in Table 2. 

Additionally, the following abbreviations have the following meanings. If an 
abbreviation is not defined, it has its generally accepted meaning. 
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BOC 


= /er/-butyloxycarbonyl 


BTX 


batrachotoxin 


Cbz 


carbobenzyloxy 


DCC 


N,N-dicyclohexylcarbodiimide 


DIPEA 


diisopropylethylamine, Hunig's base 


DMA 


N,N-diinethylacetamide 


DMF 


N.N-dimelhylformamide 


DMSO 


= dimethylsulfoxide 


DPPA 


diphenylphosphoryl azide 


HATU 


6-(7-azabenzoiriazoM -y 1)-N.N,NT^J;- 


tetramethyluronium hexafluorophosphate 


HBTU 

X XU 1 


1 hydroxy benzolriazole 


HOAT 


1 -hydroxy-7-azabenzotria2ole 


PyBOP 


pyridine benzolriazol- 1 -y loxy-lris(dimethy 1- 


aminO)phosphonium hexafluorophosphate 


TEA 


triethylamine 


TFA 


trifluoroacetic acid 


THF 


letrahydroftiran 



20 

EXAMPLE 1 

Preparation of a linker of formula (2). where Z=(CH2)4 
1 ,4-Diaminobutane (34.0 mmol) was dissolved in 100 mL dichloromelhane 
under a nitrogen atmosphere. Di-tert-buty 1 dicarbonate (Boc.O) (119.12 mmol) 
25 dissolved in 100 mL dichloromethane was added dropwise to the stirred solution and 
stirring was continued at room temperature until the reaction was complete (4 hours). 
The course of the reaction was followed by TLC (50% ethyl acetate and 50% 
hexanes). The reaction mixture was evaporated giving a precipitate that was collected 
by filtration. The precipitate was rinsed with ether to yield a white solid (9.02 grams; 
30 92% yield ). 

Lithium aluminum hydride (LAH) (63.3 mmol) was dissolved in 200 mL 
tetrahydrofuran (THF) in an ice bath under nitrogen atmosphere. Di-Boc-protecied 
diamine (12.7 mmol) was dissolved in 50 mLTHF and added dropwise to the 
LAH/THF solution. The reaction was stirred with cooling, then warmed to room 
35 temperature, placed in an oil bath and the temperature was raised by increments of 
10°C to 85T over a 30 minute period. The mixture was stirred at reflux for 1 8 hours, 
then cooled to room temperature and placed in an ice bath. Sodium sulfate 
decahydrate was slowly added to quench the excess LAH. The solids were removed 
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by filtration and rinsing with THF. The filtrate was concentrated to a thick syrup and 
excess solvent removed under vacuum to yield N,N-dimethyldiaminobutane as a 
viscous oil (3.58 grams; 98% yield). The product was characterized by NMR 
(DMSO) and MS (calculated, M+H - 11 7.2; found, 1 17.3). 

5 

EXAMPLE 2 

2A. Preparation of a compound of formula (5), where Ar=2,6-dimethylphenyl, 
R'=Et. R-=H 

2,6-Dimethylaniline (82.5 mmols) was dissolved in 100 mL dichloromethane 

10 under a nitrogen atmosphere, and cooled in an ice bath. DIPEA (247.6 mmols) was 
added to the solution, and 2-bromobutyric acid (165.0 mmols) in 100 mL CH^CL was 
added over one hour by dropping funnel. After the addition was complete, the 
solution was brought to room temperature and stirred for an additional hour. The 
reaction mixture was concentrated, and ether added to the residue. The ether was 

1 5 decanted, and the undissolved salts were rinsed with ether (x2). The combined ether 
solution was washed with 3 N NaOH (x 2) , 3 M HCl (x 2), saturated NaHCO, , 
saturated NaCl, and dried over MgSO^. The crude product, 2-bromo-7V-(2,6-dimethyl- 
phenyl )-butyramide, was concentrated and dried, and used without further purification 
in subsequent coupling steps. The product was characterized by NMR (DMSO). 

20 Other compounds of formula (5) were prepared in a similar manner. 

2B. The preparation of a compound of formula (5), where Ar= 4-[-C(0)-OCH3]-2.6- 
dimethylphenyl was carried out as described in Example 2A with the modification 
that 2.6-dimelhylaniline was replaced with I -amino-4-[-C(0)-OCH3]-2,6- 
dimethylbenzene. This ester was prepared by refluxing 1 equivalent (10 g) of l- 

25 amino-2,6-dimeihylbenzoic acid with 1 .2 equivalents of sulfuric acid in 200 mL 
MeOH overnight. Alternatively. I equivalent of l-nitro-2.6-dimethylbenzoic acid 
was refluxed overnight with 0.2 equivalents of sulfuric acid in 200 mL MeOH . The 
reaction was then concentrated, dissolved in ether, washed with saturated NaCl. dried 
over MgSOj, filtered, and concentrated under vacuum to yield 4-[C(0)-OCH3]-2.6- 

30 dimethylbenzene. Characterized by NMR. 
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Similarly, other benzoic acid esters of compounds of formula (5) were 
prepared. 

EXAMPLE 3 

5 Preparation of a compound of formula (12). where Ar=4-nitrophenyl, m=2 

Under a nitrogen atmosphere, bromoedianol (29 mmols) was dissolved in 25 
mL ether. Pyridine (34 mmols) was added to the solution, followed by a solution of 
4-nitrobenzoyl chloride (27 mmol.^) in 35 mL ether. The reaction was stirred 
overnight, and a white precipitate was formed. Ether (50 mL) was added, and the 

1 0 reaction mixture was then washed with aqueous ICHSO4, aqueous NaHCOj. and water. 
The ether layer was then dried over Na^SO^, filtered, and concentrated to give 6.3 g of 
4-nitrobenzoic acid 2-bromo-cthyl ester. Material was used in coupling reactions 
without further purification. 



EXAMPLE 4 

Preparation of a compound of formula (16), 
where Ar =2,6-dimethyl-4-octyloxy-phenyl, and R'=R-=H 



1. Compound of formula (13) 

20 Under a nitrogen atmosphere. 3.5-dimethylphenol (40.9 nrmioles) was 

dissolved in 40 mL water and 40 mL ether. To this was added 1 .5 equivalents (61 .4 
mmoles) of sodium nitrate (NaNOj). The reaction was cooled in an ice bath and 50 
mL concentrated HCl was slowly added to the reaction. The reaction was wanned to 
room temperature and followed by TLC (ethyl acetate:hexanes. 1 :1) until the reaction 

25 was complete (0.5 hour). The reaction was extracted into ether (x3). washed with 

saturated NaHCOj. saturated NaCl. dried over MgSO,. filtered, rinsed with ether, and 
concentrated. The product was purified using silica-gel chromatography, yielding 
3.5-dimethyl-4-nitro-phenol as a yellow solid(2.05 grams: 30% yield). The product 
was characterized by NMR (DMSO). 

30 

2. Compound of formula (14) 
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Under a nitrogen atmosphere, 3,5-dimethyl-4-nitro-phenol (8.38 nmioles) was 
dissolved in 20 mL dimethylformamide (DMF). To this was added potassium 
carbonate (41 .92 mmols) and 1-bromooctane (8.38 nimols). The reaction was stirred 
for 12 hours. The reaction mixture was partitioned between [ethyl acetaterhexanes, 
5 1:1] and water, and the organic layer was washed with water (x3), brine, dried over 
MgSO^, and concentrated. The yield of 2,6-dimethyl-4-(octyloxy)-nitrobenzene 
product as a yellow oil was 2.2 grams (94%). The product was characterized by NMR 
(DMSO). 

10 3. Compound of formula (15) 

Under a niuogen atmosphere in a Panr bottle, 2,6"dimethyl-4'(octyloxy)- 
nitrobenzene (7.89 mmoles) was dissolved in methanol (100 mL). To this was added 
0.5 grams of 10% Pd/C, and shaken under a hydrogen atmosphere (30 PSI) for 18 
hours. The catalyst was filtered off over Millipore filter paper, and rinsed with 

1 5 methanol. The filu^te was concentrated to yield 2,6-dimethyl-4-(octyloxy)-aniline as 
a thick oil (1.8 grams; 91%). The product was characterized by NMR (DMSO). 

4. Compound of formula (16) 

Under a nitrogen atmosphere, 2,6-dimeihyl-4-(octyloxy)-aniline (7.2 mmols) 

20 was dissolved in 50 mL dichloromethane. To this was added DIPEA (9.4 mmols). 
The reaction mixture was cooled in an ice bath, and chloroacetyl chloride (7.95 
mmoles) dissolved in 50 mL dichloromeihane was added by dropping funnel. After 
the addition was complete, the reaction was stirred at room until reaction was 
complete by TLC (approximately 0.5 hours). The reaction mixture was concentrated, 

25 and partitioned between ethyl acetate and water. The organic layer was washed with 
saturated NaHCO^ (x2), brine, dried over MgS04, and filtered (rinsing with ethyl 
acetate). The filtrate was concentrated to yield 2-chloro-N-(2,6-dimethyl-4- 
octyloxyphenyl)-aceiamide as a white solid (1.21 grams; 51%). The product was 
characterized by NMR (DMSO). 

30 
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EXAMPLES 5-12 

(Compounds of Formula I, where X is a compound of Formula II) 

EXAMPLE 5 

5 5A. Preparation of a compound of Formula la according to Scheme E, where ( Ar- 
W)»= (Ar-W)- =2.6-dimethylphenyl-NH-C(0)-CHr, R^=R*=Me, ZHCH.h 
(i.e., compound 9, Table 2) 

1 . Preparation of 2-chloro-N-(2',6'-dimethylphenyl)acetamide (i.e.. N-aryl-2- 

chloroacetamide) 

10 Under nitrogen atmosphere, one equivalent of an appropriately substituted 

aniline (7.2 mmoles) was dissolved in 50 mL dichloromethane. To this was added 1 .3 
equivalents of DIPEA (9.4 mmoles). The reaction mixture vms cooled in an ice bath. 
Chloroacetyl chloride (7.95 mmoles) dissolved in 50 mL dichloromelhane was added 
dropwise to the reaction mixture. The reaction was stirred at room temperature until 

1 5 reaction was complete (approximately 0.5 hours). The course of the reaction was 
followed by TLC (50% ethyl acetate and 50% hexanes). The reaction mixture was 
evaporated to a syrup, and was then partitioned between EtOAc and water. The 
organic layer was washed with saturated NaHCOj (2 times), saturated NaCl, then 
dried with MgSOj, filtered and rinsed with EtOAc. After removal of excess solvent. 

20 2-chloro-N-(2\6'-dimethylphenyl)acetamide was obtained as a white solid (51% 
yield). 

2. Preparation of a compound of Formula la (i.e., compound 9, Table 2) 
Under nitrogen atmosphere. A'.A'-dimethyUl .4-diaminobutane (1.95 mmoles), 1.9 

25 equivalents of 2-chloro-N-(2'.6'-dimethylphenyI)acetamide (3.71 mmoles) and 2.5 
equivalents of diisopropylethylamine (DIPEA) (4.89 mmoles) were dissolved in 4 mL 
ethanol. This was refluxed at 85 degrees C and followed by TLC (ethyl 
acetaie:hexanes, 1:1) until the reaction was complete (12 hours). The reaction was 
cooled to room temperature, inducing crystallization of the product. The product was 

30 filtered, rinsed with ether, and dried on a vacuum line to yield the compoimd of 

Formula la (i.e.. compound 9. Table 2) as a white solid (0.88 grams (83% yield). The 
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SB. In a similar manner, by using different linkers of Formula 11 and/or 
5 compounds of formula (5), the following compounds of Formula la were prepared 
(Table 2): 

1 , 3, 4, 5, 6, 1 2, 1 3, 1 4, 1 7, 1 8, 1 9, 42, 43, 44, 45, 46, 
47, 48. 49, 50, 5 K 52, 53, 54, 117, 1 19. 

1 0 SC. Compounds of Formula 1 of higher-order valency were prepared as described 
in Example SA using the appropriate molar quantities of multifunctional amine 
linkers of Fomiula II and N-aryl-2-chloroacetamide. 

EXAMPLE 6 

1 5 Preparation of an intermediate compound of formula (23), Scheme F, 

where Ar=2.6-dimelhylphenyl, R*=R==H, R^=Et 

Under a nitrogen atmosphere, methylamine (600 mmols) in 300 mL THF was 
cooled to 0^ C. A solution of 2-chloro-N-(2\6'-dimethylphenyl)acetamide 

20 ( 1 OOmmols) was dissolved in 200 mL THF. and slowly dripped into the cold 

methylamine solution. The reaction was stirred overnight. The reaction was filtered, 
and the filtrate evaporated to yield an oily residue. This was dissolved in EtOAc (100 
mL) and treated with IN HCl (200 mL). The aqueous layer was washed with EtOAc, 
then basified to Ph 1 0- 1 2 with 6 N NaOH. The product was extracted into EtOAc (2 

25 X 50 mL). the organic phase was dried, and the solvent was evaporated to yield A^- 
(2.6-dimethyl-phenyl)-2-methylamino-acetamide (compound (23)) as an oil (12.8 gm; 
67% yield). 

EXAMPLE 7 

30 7A. Preparation of a compound of Formula la according to Scheme G, where ( Ar- 
W)'= ( Ar.W)- =2.6-dimethylphenyl-NH-C(0).CH(CH2CH3)-. R^=R'=H, 
Z=(CH,), (i.e., compound 16. Table 2) 
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Under a nitrogen atmosphere, K4-diaminobutane (1 1.34 mmols), 2-bromo-/^- 
(2,6-dimeihyl-phenyl)-butyramide (22.69 mmols), and DIPEA (28.36 mmols) were 
dissolved in ElOH (5 mL). The reaction was heated at reflux for 24 hours, then 
concentrated and chromatographed on a silica gel column to yield a compound of 
5 formula (26) ( compound 1 6, Table 2). 

7B. In a similar manner, by varying the linker chain length, compounds 1 5 and 20 
(Table 2) were prepared. 

7C. Compounds of formula (2h) . where R*=R^=H, and Z is a C.-Cjo alkylene 
chain were prepared by substituting in the above reaction 2-bromo-A^-(2,6-dimethyl- 
1 0 pheny l)-acetamide for 2-bromo-A^-(2,6-dimethyl-phenyl)-butyramide, and using 
linkers of formula (1), where Z is C-C.o alkylene. 

7D. Compounds of Formula I of higher-order valency were prepared as described 
in 7A, by increasing the molar equivalents of the ligand. 

15 EXAMPLES 

8A. Preparation of a compound of Formula la according to Scheme G, where (Ar- 
W)'=(Ar-W)- =2.6-dimethylphenyl-NH.C(0)-CH(CH,CH3)., R^=R^-n-propyL 
Z=(CH.)4 (i.e.. compound 33, Table 2). 

Under a nitrogen atmosphere, 1 .25 mmols of the compound of formula (26). 

20 prepared as described in the previous example, and bromopropane (2.5 mmols) were 
dissolved in 1 mL EtOH in a sealed tube. DIPEA (2.75 mmols) was added, and the 
reaction rcfluxed for 12 hours. The reaction was concentrated, and the crude product 
purified by silica-gel chromatography (MeOH/CH.CI,). After concentration of the 
product-containing fractions, the product was dissolved in MeOH (2 mL) and 4 N 

25 HCl was added until the pH was between 1 and 2. The solution was stirred for 20 
minutes, and then pipetted into ether (300 mL) to precipitate the product as its 
dihydrochloride salt. This was filtered and dried, yielding the product (i.e., compound 
33. Table 2) in 81% yield. 

8B. In a similar manner, by varying R^ in compound (27), the following 

30 compounds were prepared (Table 2): 22. 23, 26, 32, 33, 34, 35, 36, 37 
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EXAMPLE 9 

Preparation of compounds of Formula la according to Scheme G, 
where (Ar-W)'=(Ar-W)--2,6 dimethylphenyl-NH-C(OVCH,-, 
R3=R^=alkyl, substituted alkyl, alkoxy, benzyl, and Z is CrC,o alkylene 

5 

Starting with compounds of formula (26) prepared as in Example 7C above, 
and varying in compound (27) the following compounds were prepared (Table 2): 
2, 7, 8 J 0, 1 2, 2 1 , 24, 25, 27. 28, 29, 30, 3 1 

EXAMPLE 10 

1 0 lOA. Preparation of a compound of Formula la, according to Scheme H, where (Ar- 
W)'=(Ar-W)- = 2,6-dimethylpheny^NHC(OKR*R^ where R' is H and R- forms a 
piperidinyl group together with R^ and R^ of the linker, and Z=(CH2)io (i e.. 
compound 1 1, Table 2) 

Step 1 : Under a nitrogen atmosphere. 77.4 mmoles of DL-pipecolinic acid 

15 (i.e., piperidine -2- carboxylic acid) was dissolved in 80 mL 3 N aqueous NaOH, and 
cooled in an ice bath. Benzyl chloroformate (92.3 mmoles) and 25 mL 3 N NaOH 
were added in alternating aliquois over 1 hour, and the reaction mixture was then 
stirred at room temperature for 12 hours. When the reaction was complete, the N- 
protected carboxylic acid (abbreviated herein as Cbz-DL-pipecolinic acid) was 

20 extracted with ether (x3). The basic layer was acidified with 6 N HCl and extracted 
with ether (x3). The combined ether layers were rinsed with 1 N HCl, saturated NaCL 
then dried over MgSO^. filtered (rinsing with ether) and concentrated. The yield of 
the desired product as a white solid was 19.65 grams (96% yield). The product was 
characterized by NMR (DMSO). 

25 Step 2 : Under nitrogen atmosphere. Cbz-DL-pipecoIinic acid (9.1 mmols) 

was dissolved in DMF ( 10 mL). DIPEA (12.4 mmols). HATU (10.7 mmols) and 
BOAT (0.82 mmols) were added, and the reaction was stined at room temperature for 
1 hour. 2,6-dimethylaniline (8.25 mmoles) was added, and the reaction was stirred for 
18 hours. The reaction mixture was then partitioned between water and EtOAc. The 

30 organic layer was washed with 1 N NaOH, 2 N HCL saturated NaCL then dried over 
MgSOj, filtered (washing with EtOAc). and concentrated. The desired amide product 
[Cbz-piperidine-2-carboxylic acid (2.6-dimethyl-phenyl)-amide] was afforded as a 
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white solid (3,0 grams, 99% yield). The product was characterized by NMR 
(DMSO). 

Step 3 : Under nitrogen atmosphere in a Parr bottle, 8.2 mmoles of [Cbz- 
piperidine-2-carboxylic acid (2,6-dimethyl-phenyl)-amide] was dissolved in MeOH 
5 ( 1 00 mL). 1 0% Pd/C (0.5 g) was added, and the bottle was agitated under a hydrogen 
atmosphere (20 psi) for 30 minutes. The catalyst was filtered off using Millipore filter 
paper (washing with MeOH). The filtrate was concentrated to a thick syrup, yielding 
1.75 grams (92% yield) of [piperidine-2-carboxylic acid (2,6-dimediyl-phenyl)- 
amide] as an off-white solid. The product was characterized by NMR (DMSO). 

1 0 Step 4: Under a nitrogen atmosphere, 1 , 1 0-dibromodecane (0.22 mmoles). 

[piperidinc-2-carboxyIic acid (2,6-dimediyl-phenyl)-amide] (0.43 mmoles), and 
DIPEA (0.57 mmoles) were dissolved in 2 mL ethanol, and stirred at 80°C for 12 
hours. The reaction mixture was separated by reverse- phase preparative HPLC, 
eluting with a gradient of 1 5-90% acetonitrile in water over 90 minutes. The desired 

15 peak was pooled, frozen, lyophilized, and collected as a white powder (the TFA salt). 
The product was dissolved in 0.1 N HCl and lyophilized to exchange to the HCl salt. 
The compound of Formula 1 a (compound 1 1 , Table 2) was obtained as a white solid 
(0.083 grams; 61% yield). The product was characterized by NMR (DMSO). 
lOB. In a similar manner, substituting 1 .3-dibromopropane and 1 ,6-dibromohexane 

20 for 1 ,1 0-dibromodecane in Example lOA, compounds 38 and 40 (Table 2) were 
prepared. 

IOC. The procedure of Example lOA was used with the following modification for 
preparing compounds 39 and 41 (Table 2). 1 ,3-dibromopropane was replaced 
with Br-CH.-CH=CH-CH.-Br (yielding compound 41 , Table 2). Compound 39 was 
25 prepared by catalytic hydrogenaiion of compound 4 1 . 
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EXAMPLE 11 

Preparation of a compound of Formula la, according to Scheme 1, 
where (Ar-W)'=(Ar -W)- -4-butylamino-phenyl-C{0)-, R^==R'= H, 
Z=(CH2)3-0-(CH2),.0-(CH2)rO (CH,),- (i.e., compound 67, Table 2) 

5 

Under a nitrogen atmosphere, 4,7,10-trioxa-l,13-tridecanediainine (2.27 
mmols), HATU (6.8lmmols), HOAt (0.22 mmols), and DIPEA (7.94 mmols) were 
added to 20 mL DMF and stirred for 20 minutes at room temperature. 4-(butyIamino) 
benzoic acid (5.67 mmols) was added, and the reaction was stirred overnight The 
1 0 product (compound 67, Table 2) was purified by reverse-phase preparative HPLC and 
characterized by NMR (DMSO). 



EXAMPLE 12 

12 A. Preparation of a compound of Formula la, according to Scheme J, where (Ar- 
15 W)'=(Ar-W)- =4-(C(0)-NH-fCH.)3-N(CH:CH3),)-phenyl- , R^=R'*= H, Z=(CH,^ 
(i.e.^compound 60, Table 2) 

Step 1 : Under a nitrogen atmosphere, 4-aminobenzoic acid (52.7 mmols), 
benzyl bromide (67.3 mmols), benzyltriethylammonium chloride (80 mmols) and 
K2CO3 (144.7 mmols) were dissolved in acetonitrile. The reaction mixture was heated 
20 at 90 °C for 6 hours, cooled to room temperature, and filtered. The filtrate was 

concentrated, dissolved in CH.Cl.: MeOH, 9:1 v/v (100 mL), and stirred with 30g MB 
amberlite for one-half hour. The residue was filtered off, and the filtrate concentrated. 
The crude product was purified by siiica-gel chromatography (ethyl acetate/hexanes) 
to give 5.66g (47% yield) of the desired product. 4-amino-benzoic acid benzyl ester. 
25 The product was characterized by NMR (CDCI3) and MS (found, M+H = 228). 

Step 2 : Under a nitrogen atmosphere. 4-amino-benzoic acid benzyl ester (25 
mmols) was dissolved in eiher (400 mL). The mixture was cooled to 0 °C and 

trifluoroaceiic anhydride (92 mmols) was added. The reaction mixture was stirred at 
0 °C for 3 hours, concentrated 10 dryness, the residue was dissolved in ether, washed 
30 with 1 0% NaHCOj solution, then brine. The organic phase was dried over MgSOj, 
filtered, and concentrated to dryness to give 4-(2,2,2-trifluoro-acetylamino)-benzoic 
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acid benzyl esier (8.2g, 100%yield ) as a while solid. The product was characterized 
by NMR (CDCl,) and MS (found, M+H = 323). 

Step 3 : Under a nitrogen atmosphere, 4-(2,2,2-trifluoro-acetylamino)-benzoic 
acid benzyl ester (9.6 mmols), 1,6-diiodohexane (5 mmols), benzyltriethyl ammonium 
5 chloride (1.1 mmols) and K.CO3 (21.7 mmols) were dissolved in CH3CN ( 1 50 mL). 
The reaction mixture was stirred under reflux for 48 hours, cooled, and filtered. The 
filtrate was concentrated to dryness, and purified by silica-gel chromatrography (ethyl 
acetate/hexanes) to yield 1 .3 g (3"%yield) of the desired product (a compound of 
formula (48), where Ar= phenyl and Z = (CH,)^). The product was characterized by 

10 NMR (CDCI3) and MS (found, MH^ = 725). MS (found, MNa* = 747). 

Step 4: A solution of the above-referenced compound of formula (48) (1 .6 
mmols) in THF (200 mL) wa:> stirred under H, atmosphere in the presence of 10% 
Pd/C (450 mg) for 12 hrs. When the reaction was complete, the catalyst was filtered 
off, and the filu-ale was concentrated to give 1.01 g of the crude deprotected product 

1 5 (i.e., a compound of formula (49). where Ar = phenyl and Z = (CH,)^)) as a white 
solid. 

Step 5 : Under a nitrogen atmosphere, the above-referenced compound of 
formula (49) (1.45 mmols), was dissolved in THF (80 mL). HATU (3 mmols), 
HOAT (36 mmols), diethylaminopropylamine (50) (3.55 mmols), and DIPEA (3.04 

20 mmols) were added. The reaction mixture was stirred at room temperature for 3 days, 
then concentrated to dryness. The crude product was purified by silica-gel 
chromatography (methylene chloride/methanol/ammonia) to give 450 mg (100% 
yield) of the desired product (i.e.. a compound of formula (51), where R'° = 
dieihylaminopropyl, Ar=phenyl. and Z = (CH.)^). The product was characterized by 

25 NMR (CD.OD) and MS (found. M+H = 745). MS (found, MNa* = 767). 

Step 6 : Under a nitrogen atmosphere, the above-referenced compound of 
formula (51) (450 mg) was dissolved in a solution of 2N NH3 in MeOH (40 mL). 
After addition of 25% aqueous NH, ammonia solution (8 mL), the mixture was heated 
to 62 T overnight. When the reaction was complete as judged by TLC, the reaction 

30 mixture was cooled to room temperature, and a white precipitate was formed. The 
precipitate was collected, washed with H:.0, and dried under vacuum to give 230 mg 
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oflhe compound of Formula la (i.e., compound 60, Table 2 ), which was exchanged 
to the HCI sail. 

The product was characterized by NMR (CD3OD) and MS (found, M+H = 
553). MS (found, MNa* = 575). 
5 12B- In a similar manner, by varying the aikylene chain length of the linker from 
C4-C,,, the following compounds were prepared (Table 2): 59, 60, 61, 62, 63, 64, 65, 
66. 

12c. Compound 125 (Table 2) was prepared as in Example 12B with the following 
modification. In the final step of the procedure, deprotection was carried out with 2N 
1 0 MeNH/THF rather than with 25% aqueous ammonia. 

EXAMPLES 13-19 

(Compounds of Formula I, where X is a compound of Formula III) 

15 EXAMPLE 13 

13A* Preparation of a compound of Formula lb, according to Scheme K, where (Ar- 
W)'=(Ar.W)-^ =2,6-dimeihylphenyl-NH-C(0)-CH(CH3CH3K Y^Y^ovalent bond, 
Z=lA10,13-tetraoxa-7,16-diaza-cycloociadecane (i.e., compound 85,Table 2) 

20 Under nitrogen atmosphere, 1 ,4, 1 0, 1 3-tetraoxa-7, 1 6-diaza-cyclooctadecane 

(53.36 mmols), 2-bromo-A'-(2,6-dimethy!-phenyl)-butyramide (133.41 mmols), and 
DIPEA ( 1 1 7.40 mmols) were dissolved in 20 mL ethanol. The reaction was refluxed 
for 6 days, then cooled and the solvent removed in vacuo. The reaction mixture was 
partitioned between IN HCI (300 mL) and ethyl acetate. The acidic layer was 

25 extracted with ethyl acetate (x4). then basified with 6 N NaOH (100 mL) and 

extracted with ethyl acetate (x3). The combined organic extracts were washed with 
10% Na2S203 (x 2), brine, and dried over MgSO^, decolorized with charcoal, 
filtered^and concentrated. The crude product (26 g) was purified using silica-gel 
chromatography (MeOH/CH.CK) and exchanged to the HCI salt to give a compound 
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of Formula lb (i.e., compound 85, Table 2) (33%yield). Characterized by NMR 
(DMSO). 

13B. In a similar manner, by using different Z groups in linkers of Formula III 
and/or different compounds of formula (5), the following compounds were prepared 
(Table 2): 

75. 76, 77, 78, 79, 80. 81. 82, 83, 84, 86, 87. 88. 89. 94, 95, 104, 105, 106. 107, 151. 

13C. Trivalent compounds of Formula lb were prepared as described in Example 
133 using increased molar quantities of compounds of formula (5). 
13D. Substituting other compounds of formula (16) (prepared as described in 
Scheme D of Figure 6) for compounds of formula (5) in Example 13B, and other 
compounds of formula (3), the following compounds were prepared (Table 2): 
155,156.157.158.161.163.164. 

It should be understood that the compounds of this invention include the R,R-, 
1 5 R.S- (meso). and S.S- isomers. Of course, it is also understood that the activity of a 
mixture of isomers may vary depending on the activities and proportions of each 
isomer in the mixture. It is well within the skill in the art to test different isomers and 
combinations thereof to determine which is more active for any particular intended 
use. 

20 

EXAMPLE 14 

Preparation of a compound of Formula lb. according to Scheme K. 
where (Ar-W)'=( Ar-W)- =2.6-dimethylphenyl-0-C{0>CH.-, Y*=Y*'=covalent bond. 
Z= 1 .4. 1 0. 1 3-tetraoxa-7. 1 6-dia2a-cye:looctadecane (compound 1 02, Table 2) 

25 

The procedure of Example 13A above was modified as follows to prepare 
compound 1 02 ( fable 2 ). 2-Bromo-N-(2.6-dimethy l-phenyl)butyramide was 

replaced with bromo-acetic acid 2.6-dimcthyl-phenyl ester. 
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EXAMPLE 15 

15A. Preparation of a compound of Formula lb, according to Scheme K, where ( Ar- 
W)'= (Ar-W)^ =4.aminophenyl-C{0>0-(CH2)2-, Y*=Y**=covalent bond, and 
Z= 1 ,4, 1 0, 1 3-tetraoxa-7, 1 6-dia2a-cyclooctadecane (i.e., compound 1 00, Table 2) 

5 

The crude product of Example 4, 4-nilro-benzoic acid 2-bromo-ethyl ester (19 
mmols) and 1 ,4, 1 0, 1 3-tetraoxa-7, 1 6-diaza-cyclooctadecane (7.6 mmols) were 
dissolved in 30 mL THF and stirred ur.der nitrogen at reflux for 60 hours. The 
reaction mixture was concentrated, and the residue was partitioned between CHiCK 
1 0 and water. The organic phase was washed with aqueous Ki^S04 solution, aqueous 
NaHCOj solution. H^O. then dried over Na^SO^, filtered, and concentrated to give 2.6 
g of a crude orange oil. The product was purified by silica-gel chromatography 
(acetone/hexanes) to give 1.2 g (24% yield) of the desired product (compound 101, 
Table 2). 

1 5 Under a nitrogen atmosphere, compound 101 (300 mg) and 50 mg of 10 % 

Pd/C were dissolved in 5 mL THF. The reaction was stirred under a H2 atmosphere 
overnight. The suspension was then filtered through Celite under N^, and the solvent 
evaporated 10 leave 258 mg of an oil, which crystallized into a colorless solid (95% 
yield). MS (M+H= 589). The product (compound 100. Table 2) was exchanged to 

20 the HCl salt and characterized by NMR (DMSO). 

15B. In a similar manner, by substituting 2-chloro-4-nitro-ben2oic acid 2-bromo- 
ethyl ester for 4-nitro-benzoic acid 2-bromo-ethyI ester in Example l5A, compound 
103 (Table 2) was prepared. 

25 EXAMPLE 16 

Preparation of a compound of Formula lb, according to Scheme L, 
where (Ar-W)'=( Ar-W)- =2,6-dimethylphenYl-NHC(0)-CHr. 
Y^^Y'^^ .C(0)-CH,-N(CH5)., 
30 Z= 1. 4. 10,13-teiraoxa-7.1 6-diaza-cyclooctadecane (i.e.. compound 90. Table 2) 

Step 1 : Under nitrogen atmosphere, 1 .4, 1 0, 1 3-letraoxa-7. 1 6-diaza- 
cyclooctadecane (2.0mmol) was dissolved in 5 mL of dichloromethane. The solution 
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was cooled to 0 ° C and DIPEA (4.4mmol) was added followed by addition of 
chloroacetyi chloride f4.4mmol). The reaction was allowed to warm up to room 
temperature with stirring overnight. The solvent was evaporated under reduced 
pressure and the residue taken up in EtOAc. The organic solution was washed 
5 successively with 0. 1 N HCL saturated NaHCOj soln. and brine, followed by drying 
over Na.SO^, filtration and evaporation to yield 850 mg of a light yellow oil, taken on 
as is to the next step. Characterized by MS in dichloromethane. 
Step 2: Under a nitrogen atmosphere, the bis-chloroacetyl derivative of 1,4,10,13- 
tetraoxa-7J6-dia2a-cyclooctadecane (1.0 mmols), A'-(2.6-dimethyNphenyl)-2- 

1 0 meihylamino-acetamide (2.5 mmols) (prepared according to Example 5 above), and 
DIPEA (2.5 mmols) were dissolved in EtOH. The reaction was refluxed for 60 hours, 
then concentrated. The residue was dissolved in EtOAc. and washed with NaHCO; 
solution. The organic phase was dried, filtered, and evaporated to give 670 mg of 
crude product. The product (compound 90, Table 2) was purified by silica-gel 

1 5 chromatography (MeOH/CH.CK) to give 1 20 mg ( 1 6.5%) of the free base and 
characterized by NMR (DMSO) and by MS (M+H=728). 

EXAMPLE 17 

17A. Preparation of a siereoisomeric form of a compound of Formula lb, according 
20 to Scheme M. where (Ar-W)'= (Ar-W)-= 2.6 dimethylphenyl-NH- 

C(0)CH(CH,CH3)- (S) isomer, Y'=Y**=covalent bond. Z=l.4:10.13-teiraoxa- 
7.16-diaza-cycioociadecane (i.e.. compound 149. Table 2) 
Step I : Under a nitrogen atmosphere. 16.72 mmol Cbz-(L)-2-aminobutyric 
acid was dissolved in 45 mL DMF, and 19.7 mmol HATU. 1.52 mmol HOAt. 22.8 
25 mmol D1PEa\ were added. The reaction was stirred for one hour, then 15.2 mmol of 
2.6-dimelhylanilinc was added. The reaction mixture was stirred at room temperature 
for 48 hours. The product was precipitated from brine/ice/ether, and dried to afford 
7.56 g of the crude product as a white .solid. The product, (L)-2-Cbz-amino-.V-(2.6- 
dimethyl-phenyl)-butyramide. was characterized by NMR (DMSO) and MS 
30 (calculated. 340: found. M+H 341 ). 
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Step 2 : Under a nitrogen atmosphere in a Parr bottle, 7.561 g of (L)-2-Cbz- 
amino-A^-(2.6-dinielhyl"phenyI)-butyramide was dissolved in ethanol (30 mL) with Ig 
1 0% Pd/C. The reaction was monitored using mass spectroscopy. After eight hours, 
the catalyst was filtered off on Celite, and the filtrate was concentrated to afford 3.068 
5 g (98% yield for last 2 steps) as a white solid. The deprotected product was 
characterized by NMR (DMSO) and MS (calculated, 206; found, M+H 207). 

Step 3 : Under a nitrogen atmosphere, a solution of 7.38 mmols 
I-CH3(CH,OCH,),CH2-I and 36.9 mmo!s Na^COj in 10 mL EtOH was prepared. 7.38 
nrunols of 2-Amino-A^-(2,6-dimethyl-phenyl)-acetamide was added, and the reaction 

1 0 mixture was heated at 75 °C for 4 days. The reaction was cooled, filtered, and the 
filtrate was concentrated. The crude product was purified by silica-gel 
chromatography (MeOH/CH.CI.) to yield 360 mg (9.2%yield) of compound 149 
(Table 2) (i.e.. the S,S- enantiomer of compound 85). The product was characterized 
by NMR (DMSO) and MS. MS (calculated, 640; found, M+H 642). 

1 5 17B. In a similar manner, compound 1 3 1 in Table 2 (i.e.. the R.R- enantiomer of 
compound 85) w£is prepared. 

The following alternative procedure may be substituted for Step 3 above to 
obtain higher yields of either the S,S- or R,R- enantiomer of compound 85 in a 
shorter period of time. To the solution of the amide of (L)-2-aminobutyric acid (4.43g. 

20 21.5 mmol) in ethanol (21 mL). DIPEA (3.74 mL, 21.5 mmol) and l,2-bis-(2- 
iodoethoxy lethane (1 .96 mL, 10.8 mmol) were added. The reaction mixture was 
heated at reflux for 24 h, allowed to cool and concentrated to afford a yellow oil. The 
crude product was purified by chromatography on silica (10:90 
methanoLdichloromethane) to obtain the linear dimer. 

25 as a white solid ( 1 .42g. 25% yield). 

To the solution of the linear dimer ( 1 .20 g, 2.3 mmol) in DMF (2 mL). sodium 
carbonate (1.5 8g. 15.0 mmol) and l,2-bis-(2-iodoethoxy)ethane (0.492 mL, 2.7mmoi) 
were added. The reaction mixture was heated at 1 \ 0°C for 24 h, then allowed to cool. 
The solution containing the desired product was suspended in IN HCl and pH was 

30 lowered to 2. The aqueous layer was washed with ethyl acetate, basified with 6N 
NaOH, and the product was extracted into ethyl acetate. The organic layer was dried 
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over MgS04 and conceniraied to afford the crude product as a yellow oil which was 
purified by chromatography on silica (10:90 methanol:dichloromethane) to afford 
compound 149 as a white solid (360mg, 24% yield). 

17C. The mesa form of compound 85 (i.e., compound 150 in Table 2) was prepared 
5 by double recrystailization of the bisHCI salt of compound 85 from water (> 90% 
pure). Alternatively, this compound can be prepared by silica gel chromatography of 
the racemic mixture of compound 85. 

EXAMPLE 18 

1 0 Chiral Separation of the R,R and S.S pairs of compound 85 (Table 2) 

One set of enaniiomers of compound 85 were separated via a chiral column as 
follows: 

Chiral columns (CHIRALPAK AD. Daicel Chemical Industries, Ltd.) were 
obtained from Chiral Technologies Inc.[Exton PA]. Semi-Preparative Column: 
1 5 Size-2cm I.D. x 25cm: Flow Rate=9-0 mL /min; Cat. No. 19045. Analytical Column: 
Size=0.46cm !.D. x 25cm: Flow Rate=l,0mL/min; Cat. No. 19025. 

Both columns were run using hexane/ethanol/methanol=90/8/2 as mobile 
phase (iemperaiure=20°C). All solvents were HPLC grade. Hexane and methanol 
(Burdick and Jackson Brand) were obtained from VWR. Ethanol (OmniSolv AlcohoL 
20 Reagent) was from EM Science. 

The sample was dissolved in mobile phase and applied to the Semi-Preparative 
Column by manual injeciion. The HPLC eluent was monitored at 220nm, and the 
desired peaks collected and dried. 

The enaniiomers were sufficiently resolved to give 98-99% purity for each, as 
25 determined using the .Analytical Column. 

Similarly, chiral separation of enaniiomers of other compounds of Formula 1 
can be separated by empirically choosing chiral columns and using solvent systems of 
appropriate polarity for the compounds to be separated. 

As well, chiral separations can be effected by selective crystallization with an 
30 enantiomericaliy pure sail. 
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EXAMPLE 19 



19A. Preparation of a Compound of Formula lb, according to Scheme 1-2, where 
(Ar-W)'= (Ar-W)^ = 4.aminophenyl-C(0)-0-(CH,)3-, Y»=Y^a covalent bond, and Z 



5 -NCCHj)- (i.e.. compound 108, Table 2). 

The first step in the synthesis was a modification of the procedure described 
above in Example 1 1. In that procedure, N-methyldiethanolamine is substituted for 
4,7,1 0-trioxa-l,13-tridecanediamine and n-nitrobenzoyl bromide is substituted for 4- 

(butylamino)ben2oic acid. 
1 0 The second step in the synthesis was the reduction of the nitro group by 

catalytic hydrogenation, as previously described in Example 15, to yield compound 
108 (Table 2). 

19B. Similarly, a tri valent compound of Formula I was prepared by substituting 
triethanolamine for N-methyldiethanolamine in Example 19B. 



15 



EXAMPLE 20 



20A. Preparation of a compound of Formula Ic, according to Scheme N, where ( Ar- 

W)'=(Ar-W)- =2.6-dimethylphenyl-NH-C(0)-CHr. R'=R^=methyl, R'=R^ctyl. and 

Z = -(CH:),o- (i.e.. compound 109, Table 2) 
20 Preparation of compound 5 (i.e.. a compound of formula 21) : Under a 

niuogen atmosphere, N,N-dimcthyl-1.10-diaminodecane (27.10 mmols) and 2-chloro- 

N-(2'.6'-dimethylphenyl)acetamide (51.49 mmols) were dissolved in 18 mL EtOH. 

DIPEA (67.75 mmols) was added and the reaction was stirred at reflux for 23 hours. 

The reaction mixture was concentrated, then taken up in 50 mL EtOAc and the solids 
25 filtered. The filtrate was concentrated, taken up in EtOAc. filtered through silica, and 

concentrated to give 10.06 g (71%yield) of compound 5 (Table 2). 

Preparation of rnmpound 109 (i.e.. a compound of formula 70): Under a 

nitrogen atmosphere, the compound above (compound 5) (0.13 mmols) and 1- 

iodooctane (5.5 mmols) were dissolved in ethanol ( 10 mL). The reaction was stirred 
30 at 85 "X: for 1 8 hrs. The reaction was cooled to room temperature, and the excess 
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iodooctane was removed. The residue was washed with hexanes (x 2) at 85 °C, then 
dissolved in MeOH and concentrated to dryness to afford the diquaiemary iodide salt 
(i.e.. compound 109. Table 2). MS (found, M+H 749); yield 40%. 
20B. In a similar manner, using various compounds of formula (2 1) as starting 
material, the following compounds were prepared (Table 2): 

110,111.112,113.114.115. 
20C. Higher-order valency compounds were prepared by a similar procedure. 

EXAMPLE 21 

Preparation of a heterovalomer compound of Formula la, where 

(Ar-W) ' = 2,6-dimethyl phenyl-NH-C(0)-CH:- and 
(Ar-W)- =2.6-dimethyl phenyi-O-CO-CH,-. R^=R^=methyl. and 
Z=(CH,),(CH,OCH:)3(CH:)3 (i.e.. compound 71, Table 2) 

Stepl : Under a nitrogen atmosphere. /V-methyl-A^-(3-{2(-2-(3-methylamino- 
propoxy)-ethoxy]-ethoxy }-propyl)-amine (130.56 mmols) was dissolved in dioxane 
(lOOmL). Di-/er/-butyl dicarbonate (Boc,0) (97.92 mmol) in 50 mL dioxane was 
added over 1 .5 hours. The reaction was stirred at room temperature for 21 hours, then 
concentrated to dryness. The mixture was partitioned between EtOAc (100 mL) and 
20 1 0% KHSO4 (50 mL ). and the layers separated. The organic layer was washed with 
10% KHSO4 (3 X 50mL). The aqueous layer was acidified with 6M HCI to PH 3. 
washed with EtOAc (50 mL). made basic with solid NaOH. Saturated with NaCl. and 
washed with CHCl,. The combined organic layers were dried over Na^SO^, filtered, 
and concentrated to yield A-methyl-A^-Boc-A'-(3-{2[-2-(3-methylamino-propoxy)- 
5 ethoxy)-ethoxy } -propyl )-amine (18.66 g, 41%yield). 

Step 2 : Under a nitrogen atmosphere. //-methyl-.V-Boc-A'-(3-{2[-2-(3- 
methylamino-propoxy)-ethoxy]-ethoxy}-propyl)-amine (53.59 mmols) and 2-chloro- 
A-(2.6-dimsthyl-phenyl)-acetamide (50.91 mmols) were added to ethane! (35 ml). 
DIPEA (80.39 mmols) was added, and the reaction stirred at 85 C for 19 hours. The 
10 reaction was then concentrated to dryness, dissolved in EtOAc and filtered through 
silica (ElOAc). The filtrate was rcconcenlrated to give A/-methyl--/V-Boc-A'-(3-{2-(3- 
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{A^-[(2,6Klimethyl-phenylamin(x:arbonylmethyl>A^-methylamino}-pro 
ethoxy} -propyl )amine (I9.36g, 75% yield). 

Step3 : Under nitrogen atmosphere, A^-methyl-yV-Boc-A^-(3-{2-(3-{A^-((2,6- 
dimethyl-phenylaminocarbonylniethyl^A^-inethylamino}-propoxy)-€thoxy]-^^ 
5 propylamine (38.04 mmoles) was dissolved in 50 mL dichloromethane. 
Trill uoroacetic acid (50 mL) was added, and the reaction was stirred at room 
temperature for .5 hours. The reaction was concentrated to dryness, then dissolved in 
EtOAc(lOOmL). The solution was washed with KHSO4 (3x50MI). The combined 
aqueous layers were washed with EtOAc (50M1), made basic with solid NaOH, 

10 saturated with NaCl, and washed with chloroform (3x50Ml). The combined organic 
layers were dried over Na^SO^, filtered, and concentrated to give A^-(2,6- 
dimethylpheny I )-2-(3- { 2-[2-(3-methylaminopropoxy)-ethoxy]-ethoxy }- 
propylmethylamino)-aceiamide (1 1 .58 g, 74%yield). NMR was taken in DMSO. 

Step 4 : Under a nitrogen atmosphere: 2,6-dimethylphenol ( 1 .0 equivalent, 40 

1 5 mmoles) was dissolved in dichloromethane (40 mL) and diisopropyl ethylene diamine 
(1 .3 equivalents. 53.2 mmoles). This solution was cooled to -78 C. 
Chioroacetylchloride was added all at once. The reaction was followed by TLC (25 
EtOAc:75 Hexanes) until reaction was complete (--10 minutes). The reaction was 
extracted using water and ether. The ether layer was washed with water and then 

20 brine, dried (MgS04), filtered, rinsed with ether, and concentrated under vacuum. The 
concentrate was purified by silica gel column chromatography using hexanes as 
eluant. to afford 10.5 grams ( 94.6 % yield) of chloro-acetic acid 2.6-dimethyl-phenyl 
ester product as a tan oil. 

Step 5 : Under a nitrogen atmosphere in a sealed tube, the chloroacetic acid 

25 2,6-dimethyl-phenyl ester product of Step 4 ( 1 .2 equivalents , 6.72 mmoles) was 
reacted with 1 .0 equivalent (5.6 mmoles) of the monoadduct product of Step 3 . 
diisopropyl ethylene diamine ( 1 .3 equivalents, 6.72 mmoles) and ethanol (1 mL) at 85 
**C for 14 hours. The reaction mixture was poured into ether with stirring, and the 
resulting precipitate was filtered, then dissolved in 90% water. 10% acetonitrile. The 

30 product (compound 71, Table 2) was obtained by preparative HPLC eluting with 5% 
acetoniu-ile/ 95% H.O to 90% acetonitrile 710% H,0. MS (found, M+H 572). 

-108- 



BIMSDOCtD <WO 995l5e5Ai.lA> 



wo 99/51565 



PCT/US99/07263 



EXAMPLE 22 

22 A. Preparation of a compound of Formula la, according to Scheme R, where (Ar- 
W)»= 2,6-dimethyl-4-butoxyphenyl-NH-C{0)-CHr, (Ar-W)^ 2,6-dimethylphenyl- 
NH-CfOKH,-, R'=R'= methyl, and Z -(CH2)4-, (i.e., compound 144, Table 2) 
5 §tep 1 : Formation of compound (b): To a mixture of 3,5-dimethylphenol (a) 

(25g, 205mmol) and NaNOj (26. Ig, 307mmol) in ether (200mL) and water (200mL), 
at (yC. 250 mL of conc.HCl solution was added dropwise within 1 hour under stirring. 
The reaction mixture was kept under sirring overnight and the temperature was 
allowed to warm to room temperature. The organic phase was seperated and the 

1 0 aqueous phase was extracted with ether (3x 1 OOmL). The combined organic phase was 
washed with 3N HCl (2 x 100 mL), saturated NaHC03 solution (3 x lOOmL) and 
finally with brine (200mL). dried over Na3S04, filtered and concentrated to dryness. 
The obtained residue was purified by chromatography over silica gel by using ethyl 
acetaie and hexane (2:8) as eluent. The collected fractions were further recrystalized 

1 5 in ether/hexane to afford compound (b), 3,5-dimethyI-4-nitrophenol (6.7g, 1 9% yield) 
as a yellow solid. MS: m/e 167 

Step 2 : Formation of compound (c): A mixture of 3,5-dimethyl-4-nitrophenol 
(b) (2g. 12mmol), bromobutane ( 1 .6mL. ISmmol), K.COj (2.1g, ISmmol) in DMF 
(6mL) was stirred at 60T for 6 hours. The reaction mixture was poured into 50 mL of 

20 H.O and extracted with ether (3x50mL). The combined ether layer was washed with 
H.O and subsequently with brine, dried over Na.SOj. filtered and concentrated to give 
compound (c). 4-butoxy-2.6-dimethyl-nitroben2ene (2.6g, 97% yield) as a dark brown 
oil. 'H-NMRinCDCl;. 

Step 3 : Formation of compound (d): A solution of 4-butoxy-2,6-dimethyl- 

25 nitrobenzene (c) (7.76g. 34.8mmol ) in methanol (200mL) was hydrogenated 

overnight at 35psi. in the presence of 1 0% Pd/C (1 .5g) and 3mL of conc.HCl. The 
reaction mixture was then fihered and the filtrate was concentrated to dryness. The 
obtained residue was partitioned into CHClj/i-PrOH (4 :1 v/v) and saturated NaHCO.; 
solution, and extracted with CHCl,/i-PrOH (4 : 1 v/v). The organic phase was dried 

30 over Na.S04, filtered and concentrated to give 4-buioxy-2,6-dimethyl-phenylamine 
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(d), (6.5g, 97%yield> 'H-NMR in CDCI3. (TLC system : Rf : 0.15 with ElOAc/hexane 
-2/8) 

Step 4 : Formation of compound (e): To a solution of 4-bmoxy-2,6-dimethyl- 
phenyiamine (d) (1.4g, 7.4nimol) and diisopropylethylamine (1.4niL, S.Ommol) in 
5 CH.CU (6mL), 2-chloro-acetylchloride (0.88mL, 1 1 .Ommol) in CH2CI2 (6mL) was 
added slowly at OKI, The ice-bath was removed and the reaction mixture was kept 
under stirring for 0.5 hour. The reaction mixture was concentrated and the crude 
concentrate was partitioned between eliyl acetate and water. The organic pha^e was 
washed with water twice. The organic phase was dried over Na2S04 and concentrated 
1 0 to dryness. The residue was was purified by flash chromatography over silica-gel 
using ethyl acetaie/hexane (20/80 v/v) to afford 2-chloro-N-{4-butoxy-2,6-dimethyl- 
phenyl l-acetamide (e) ( 1 .95g, 98% yield), 'H-NMR in CDCI3. 
Steps 5 and 6 : Formation of compound (f) 

A solution of trans- L4-dibromobutene (80g, 374nmioL Fluka 34060) in 

1 5 500mL of THF/EtOH (1/2) was added dropwise to a solution of 8N methylamine in 
EtOH (IL), which is kept at a temperature below 35 by using an ice-bath. After 
the addition, the reaction mixture was stirred at 38 **C for approximately 24 hours and 
then concentrated to yield a precipitate. The solid was filtered, washed with acetone to 
give N.N'-dimethyl-1.4-butenediamine dihydrobromide (53.8g, 52% yield) as a white 

20 solid, which was hydrogenated in 350mL MeOH/H.O (6: 1 v/v) for 20 hours at 35psi 
and in the presence of lOg of 10% Pd/C. The catalyst was filtered and washed with 
MeOH and H,0. The filtrate was concentrated and precipitated by adding acetoniirile. 
The solid was filtered and washed with aceionitrile to give N,N'-dimethyl-l,4- 
butanediamine dihydrobromide (0 as a white solid (45. 5g, 93% yield). 

25 Step 7 : Formation of compound (h) 

2-Chloro-yV-(2,6-dimethylphenyl)aceiamide (g) (2.8g, 14.2 mmol) was added 
to a mixture of N,N'-dimethylbutane dihydrobromide (f) (7.68g, 27.6mmol) and 
DIPEA (8mL, 46mmol) in EtOH (200mL). The mixture was stirred at 90''C 
overnight, then concentrated to yield a while precipitate, which was filtered off. The 

30 filtrate was concentrated and purified by chromatography over silica-gel by using 

CH:CK/CH30H/25% aq.NHj (97/2.5/0.5- 95/4.5/0.5 - 90/9/1 by volume) as eluant to 
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obtain the desired monoadduct (h) as a colorless foam (2.62g, 67% yield). MS : m/e 
278 (M+H)), 'H-NMR in CD3OD. 

Step 8 : Formation of compound 144 (Table 2) 

A mixture of 2-chIoro-N-(4-butoxy-2.6-dimeihyl-phenyl)-acetamide (e) (2.5g, 
5 9.2mmol), the monoadduct (h) (2.5g, 9.2mmol) and DIPEA (2.1mL, l2mmol) in 
EtOH (45mL) was refluxed overnight. The reaction mixture was concentrated and the 
obtained residue was purified by chromotography over silica gel by using 
EtOAc/hexane/EtjN (50:49:1), then EtOAc/EtjN (99:1) and subsequenUy 
CH2Cl2/CH30H/25% aq.NHj (94/5.4/0.6) as eluant to obtain compound 144 (0.28g. 

10 55% yield). This compound was converted to its dihydrochloride salt by treatment 
with 4N HCI solution in dioxane. MS : m/e 5 1 1 (M+H), and 'H-NMR in CD3OD. 
22B. In a similar manner, by substituting other other Ar-W- groups for 2,6- 
dimelhylphenyl-NH-C(0)-CH3- and/or other bromoalkanes for bromobutane in 
Example 22 A, the following compounds were prepared (Table 2): 167, 168, 169. 

1 5 22c. Preparation of a compound of Formula la, according to Scheme R, where ( Ar- 
W)'= 2,6-dimethyl-4-(0-CH:-C(0)-OCH3-phenyl-, (Ar-W)^= 2,6-dimethylphenyl- 
NH-C(0)-CH,-, R^=R-*=methyl, Z=-(CH,)4-, (i.e., compound 145, Table 2) 

Compound 145 was prepared in a similar manner as described above for 
compound 144, with the modification that in Step 2 of the procedure, methyl 

20 bromoaceiate (i.e., BrCH.C(0)OCH3) is substituted for bromobutane. 

22D. In a similar manner, replacing methyl bromoacetate with other-esters of 
bromoacetate, the following compounds were prepared (from Table 2): 

152. 159, 162. 165, 166. 
22E. In like manner, other compounds of Formula 1 were prepared by varying the 

25 linker group (f) (Step 7), and/or the ligand groups (Ar-W)* and (Ar-W)- and the 
substituents R' and R thereof 

22F. Compounds that are useful intermediates in the synthesis of compounds 
described in Examples 22C and 22D were prepared by substituting bromoacetic acid 
for methy [bromoacetate in Step 2 of Example 22B. These intermediates include 
30 compounds 153 and 170 (Table 2). 
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In like manner, other useful intermediaies in the synthesis of compounds of 
Formula I described in Example 22 were prepared by varying the linker group (0 
(Step 7), and/or the ligand groups (Ar-W)* and (Ar-W)- and the substituents R' and R 
thereof, and/or by varying the carbon chain length of the a-haloacids. 

5 

EXAMPLE 23 

Preparation of a heterovalomer compound of Formula la, according to Scheme Q, 
where (Ar-W'>= [4^C{OKHCH2)2-N(CH3)2)-phenyl]-, 
10 (Ar-W2)=2,6-dimethylphenyl-NHC{0)-CHr, R'= H, R'= methyl, and 

Z= -(CH.)5- (i.e., compound 133, Table 2) 

Step 1 : A mixture of 4-lrifluoroacetylamino-benzoic acid benzyl ester (47) 
(2.5g, 7.74mmol), K5-diiodopentane (12.5g, 38.6mmol), potassium carbonate (4.3g, 

15 31.1 mmol) and benzenetriethylammonium bromide (420mg, 1 .54mmol) in 
acetonitrile ( 1 50ml) was stirred under reflux overnight. After cooling to room 
temperature, the reaction mixture was filtered and the filb^te was concentrated. The 
resulting residue was purified by chromatography over silica gel using ethyl 
acetate/hexane (1/9 by volume) as eluent to obtain the desired compound (76) (3.3g, 

20 82% yield), 'H-NMR in CDCI3, MS : m/e 520 (M+H). 

Step 2: A mixture of N-(2,6-dimethylphenyl)-2-methylamino-acetamide 
(2.4g, 12.5 mmol) (23), compound (76) (3.2g. 6.16mmol) and potassium carbonate 
(4.3g. 31.1 mmol) in acetone was stirred at 60 C overnight. The reaction-mixture was 
filtered and the filtrate was concentrated. The resulting residue was purified by 

25 chromatography over silica gel to obtain the desired compound (77) ( 1 .8g, 50% 
yield), 'H-NMR in CDCI3, MS : m/e 584 (M+H). 

Step 3: A solution of compound (77) ( 1 .8g, 3.08mmol) in tetrahydrofuran 
(80ml) was stirred under H. atmosphere and in the presence of 10% Pd/C (Ig) for 16 
hours. The reaction mixture was filtered and the filtrate was concentrated to give 

30 compound (78) as a white foam ( 1 .35g, 89% yield) MS : m/e 494 (M+H). 

Step 4: A mixture of compound (78) (0.77g, 1.56mmol), HATU (1.8g, 4.73mmol). 
HOAT (0.065g, 0.47mmol), N.N-dimethylethanolamine (0.47ml, 4.68mmol) and 
DIPEA (0.82ml, 4.7mmol) in anhydrous tetrahydrofuran (34ml) was stirred at room 
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temperature overnight. The reaction mixture was concentrated and subsequently 
purified by chromatography over silica gel using CH2Cl2/CH30H/25%NH40H 
(98.8/1/0.2 a 94/5.4/0.6 by volume) as eluant to afford the desired compound (79) 
(0.5g, 57% yield), MS : m/e 565 (M+H). 
5 Step 5: Compound (79) (0.5g, 0.89mmol) was dissolved in a solution of 2N 

melhylamine in tetrahydrofuran. The resulting solution was stirred at room 
temperature overnight and then concentrated. The residue was purified by 
chromatography over silica gel using CH3CyCH30H/25%NH40H (98.8/1/0.2 - 
94/5.4/0.6 by volume) as eluant to afford the desired heterovalomer compound (80) 
10 (i.e., compound 133 in Table 2), (0.1 5g, 36% yield). MS : m/e 469 (M+H). This 
compound was converted to the dihydrochloride salt by treatment with 4N HCl 
solution in dioxane. 

EXAMPLE 24 

15 24 A. Preparation of a compound of Formula lb, according to Scheme T, where ( Ar- 
W')= 2,6-dimethylphenyl-NH-C(0).N(CHj)>- (S-isomer), (Ar-W-)=2,6- 
dimethylphenyl NHC( 0)-CHr. Y*= -(CH.)3-, Y** = covalent bond, Z= -N(CH3)- (i.e.. 
compound 1 16, Table 2) 

Step 1 : S(L)-omiihine protected on the a-amino group with Boc and on the 6- 

20 amino group with Cbz (2.96 g, 8,08 mmol) was dissolved in 30 mL dry DMF. HATU 
(3.63g, 9-55 mmol), HOAT (0.1 g, 0.73 mmol) and DIPEA (1.41 g, 19.9 mmol) were 
added and the mixture was stirred at room temperature for 40 min. 2,6- 
dimethylaniline (0.886 g. 7.3 1 mmol) was added and the reaction mixture was stirred 
overnight at room temperature under atmosphere. The mixture was evaporated and 

25 resuspended in EtOAc. then washed with brine, and extracted with EtOAc. The 
organic phases were combined. dried(MgS04), evaporated then resuspended and 
chromatographed on a silica gel column with 2% MeOH/CHXK as eluant. The 
product, a compound of formula (91) was obtained as a yellow solid (4.33 g, >99% 
yield), and was characterized by NMR (CDCI3). 

30 Step 2: The product of the previous step was dissolved in MeOH and 

10%Pd/C (0.25 g) was added and stirred. The reaction vessel was evacuated, then Hn 
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was added and the solution was stirred at room temperature for 2 hours until the 
reaction was judged complete by TLC. The catalyst was removed by filtration and the 
filtrate was concentrated to afford a compound of formula (92) as a yellow oily foam 
(2.87g). 

5 Step 3: The product of the previous step (2.87 g, 8.55 mmol) was reacted at 

80°C overnight with 2-chloro-yV-(2'.6'-dimethylphenyl)acetamide (1.52g, 7.69 mmol) 
(prepared as in Example 5 above) in the presence of DIPEA ((1.22g, 9.47 mmol) in 
EtOH (25 mL). The reaction was concentrated and the residue dissolved in CHXU. 
The organic phase was washed with three portions of 0.3N HCl. The aqueous layers 

10 were combined and the pH adjusted to 11 by dropwise addition of 5N NaOH. The 
resulting suspension was extracted with three portions of CH^CU, and these organic 
phases were combined, dried (MgS04) evaporated, then resuspended and 
chromatographed on silica gel (12.5x 14 cm column), eluted with 2% MeOH (400 
mL), 3% MeOH/CH^Cl, (300 mL), and 5% MeOH (300 mL) to afford the product, a 

1 5 compound of formula (93). as a pale yellow foam ( 1 .59 g). 

Step 4: The product (93) (0.6g) was dissolved in CHjCI, and TFA was added 
with stirring for 1 hour until deprotection was complete, as judged by TLC. The 
reaction mixture was evaporated, and the residue redissolved in CHjCK. The organic 
phase was washed with three portions of 0.3N HCl. The aqueous layers were 

20 combined and the pH adjusted to 1 1 by dropwise addition of 5N NaOH. The resulting 
suspension was extracted with three portions of CH,CI,. These organic layers were 
combined, dried (MgSO^) and concentrated to afford the deproiected product, a 
compound of formula (94) as a viscous foam (350 mg). 

Step 5: The product (94) (0.149 g. 0.376 mmol) was dissolved in MeOH 

25 (25mL). Formaldehyde (37% aqueous) (0.46mL) was added, followed by NaBHjCN 
(1 17mg> and alkylation was carried out for 1 hour. The pH of the reaction was then 

adjusted with glacial acetic acid to about pH 6 and the reaction mix Stirred for 30 min. 
The pH was then raised to pH 9 with NH.OH and the reaction mix was concentrated 
by evaporation to a slurry. The slurry was redissolved in CH,C1;, washed with 
30 saturated NaHCO, and extracted 3x with CHXl,. The organic phases were combined, 
dried (MgSOj). concentrated by evaporation and the residue was ptirified by 
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chromatography on silica gel eluted with 400 mL of 2%, 4%. and 5% MeOH/CH.Cl, 
to afford the desired compound (95) (i.e., compound 1 16, Table 2) (0.135 g, 0.308 
mmol: 82% yield). The compound was converted to the HCI salt (0.12 g ). The 
product was characterized by MS (observed, M+1 = 439) and NMR (DMSO). 
5 24 B. In a similar manner, compound 1 2 1 was prepared by substituting the 
diproiected S(L) lysine derivative for the corresponding S(L) ornithine derivative. 
Compounds 123 and 124 were prepared by substituting, respectively, diprotected 
R(D) lysine and diprotected R(D) ornithine for the corresponding diprotected S(L) 
ornithine in Step 1 of Example 24 A. 

1 0 24C. Compound 1 27 was prepared with the following modifications from the 
procedure described in Example 24A. S(L)-2,5-diaminobutanoic acid that was N- 
protected with Boc (PGj) and FMoc (PG,) was used in place of the diprotected S(L) 
ornithine derivative in 24A. Accordingly, Step 2 (deprotection) was carried out in 
DMF with piperidine. The reaction was carried out until complete, as judged by TLC, 

1 5 and the crude product was obtained as a solid on evaporation. This product was 

purified by chromatography on silica gel. using successive elutions with 300 mL 4% 
MeOH/CH,CU . followed by 5.4% MeOH + 0.6% NH4OH. The latter afforded the 
deproiected product, which was evaporated and characterized by MS. 
24D. Compound 1 37 can be prepared by the procedure described above in 24A by 

20 substituting a diproiected S(L) lysine derivative for the corresponding S(L) ornithine 
derivative. However, it is preferred to carry out Step 5 by a direct alkylation route, 
as described below. 

In Step 5, a compound of formula (95). where n= 4 (0.237g. 0.577 mmoD was 
reacted overnight at iO'-C with EiBr ( lOOuL). The reaction mixture was evaporated. 

25 and the residue redissolved in CH.CU, The organic phase was washed with three 
portions of 0.3N HCI. The aqueous layers were combined and the pH adjusted to 1 1 
by dropwise addition of 5N NaOH. The resulting suspension was extracted with three 
portions of CH.CK. These organic layers were combined. dried(MgS04) and 
concentrated. The crude product was chromatographed on silica gel with 2% 

30 MeOH/CH,CI> as eluant. The product was eluted and rechromatographed using 1% 
MeOH/CHXU as eiuant to afford the desired product (compound 137, Table 2) (0.1 50 
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g, 53 % yield. Characterized by MS (observed, M+1 = 495) and NMR (DMSO). The 

product was convened to the HCl salt, yielding 0.12g as a white powder . 

24E. By a procedure similar to thai described in 24D, but with the following 

modifications, compounds 122, 138, 139 and 154 were prepared. 
5 Compound 1 22: diprotecied S(L)-omithine was used in place of the 

corresponding diprotected S(L>lysine derivative. 

Compound 138: diprotected R(D)-lysine was used in place of the corresponding 
diprotected S(L)-lysine derivative. 

Compound 139: diprotected R(D; ornithine was used in place of the 
1 0 corresponding diprotected S{L) lysine derivative. 

Compound 1 54: diprotected R(D) ornithine was used in place of the 
corresponding diprotected S(L) lysine derivative; the 
compound of formula (e) in Scheme R, where the R substituent 
is 4*-[0-CH2C(0)-OCH3]- was used in place of 2-chloro-2'6'- 
1 5 acetoxylidide in step 3 of Example 24A. 

It should be understood, of course, that the R- and S-isomer of compounds of 
this invention may differ in activity and/or other properties. It is well within the skill 
in the art to test different isomers and combinations thereof to determine which is 
20 more active for any particular intended use. 

EXAMPLES 25-28 

Assay Procedures 

The multibinding compounds of Formula 1 were found to exhibit significant 
25 activity in the assays described below, and demonstrated improved properties when 
compared to conventional local anesthetics (i.e., lidocaine. bupivacaine). 

EXAMPLE 25 

BTX Displacement Assay 
30 The local anesthetic binding site in the sodium ion channel is allosterically 

linked to the binding site for batrachotoxin (BTX). The displacement of radiolabeled 
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BTX from Site 2 on synaptosomal membranes correlates with local anesthetic 



activity. 



1. Preparation of Svnaptosomes 

5 Synaptosomes were prepared using frozen rat brains obtained from Pel-Freez. 

Ten brains were thawed and the cerebral cortex harvested (cerebellimi removed). 
Approximately 4 to 5 g of cortex were placed in 30 mL of 0.32 M sucrose at 0°C and 
homogenized in a Teflon/glass homogenizer (clearance approx. 0.15-0.23 mm, 12 up 
and down strokes at less than 800 rpm) while the mortar of the homogenizer was kept 

10 in an ice/water bath. The crude homogenates were pooled and distributed as 20 mL 
aliquots into polycarbonate centrifuge bottles. These were centrifuged at 5,100 rpm 
(w-t setting 1 .57 X 1 0* rad-/sec) in a 50.2 Ti rotor for approximately 9 min at 4''C in a 
Beckman L8-80M ultracentrifuge. The pellet (PI) was discarded. The supernatant 
(nominally in 0.32 M sucrose) was removed, layered onto 8 mL of 1.2 M sucrose at 

1 5 0°C and spun at 50.000 rpm (con setting 1.6x10'" radVsec) for approximately 1 0 
min in a 50.2 Ti rotor at 4''C. Supernatant (4 mL) was removed from the gradient 
interface and mixed with 10 mL of 0.32 M sucrose at 0°C. The pellet (P2) and other 
material was discarded. The diluted interface was layered onto 8 mL of 0.8M sucrose 
and spun at 50.000 rpm (w-l setting 1.6 x 10'" rad-/sec) for approximately 10 min in a 

20 50.2 Ti rotor at 4°C. The supernatant was discarded, and the pellets (P3) were pooled 
and resuspended by homogenization at 0°C with a Wheaton glass homogenizer B 
type (clearance approx. 0. 1 5-0.23 mm. 1 2 up and down strokes) in 1 5 mL 
synaptosomal storage buffer ( 1 30 mM choline CI, 5.5 mM glucose. 5.4 mM KCI, 0.8 
mM MgS04), 4.50 mM HEPES. pH adjusted to 7.4 with Tris Base (approx. 22 mM)). 

25 The homogenized solution was spun at 50.000 rpm (to=t setting 1.6x1 0'" rad-/sec) for 
approximately 10 min in a 50.2 Ti rotor at 4°C. The supernatant was discarded, and 
the pellet (P4) was resuspended in 8 mL synaptosomal storage buffer by 
homogenization (as in the previous step) at 0°C. The synaptosomes were "snap 
frozen" in 500 ^l aliquots on ethanol/dry ice and stored at -80°C. Total protein 

30 concentration was measured after solubilizing membranes in 1 .2% (wtyvol) SDS by 
Lowry's method. 
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2. BTX Displace ment Assay 

Incubations were carried out in a total volume of 250 ^1 containing 
synapiosomes at a final concentration of 0.8 ^g total protein/pI, 50 nM ^H-BTX-13 
(50 Ci/mmol), 1 \xM tetrodotoxin, 120 Mg/mL Leiurus quinquestriatus venom, in 
5 synapiosome storage buffer (see above). Test compound was added at various 

concentrations, typically from 1 to 100 Mg/mL. Systems were incubated for 30 to 45 
min at 37°C, after which time incubation was terminated by dilution of the reaction 
mixture with 250 \il of wash buffer (1 6? mM choline CI, 5mM HEPES, 1 .8 mM 
CaCK and 0.8 mM MgS04, pH to 7.4 with Tris base) at 0**C, and solutions were 

10 filtered through a Millipore GFC 96 well filler plate. Filtration was accomplished by 
vacuum filtration through a Millipore 96 well vacuum manifold. Each filter plate was 
washed three limes with wash buffer at O^'C (250 ^I/wash). Filter and filtrate were 
counted in 25 \xl of OptiPhase Supermix (Wallac) on a Wallac scintillation counter 
(model 1450 Microbeta). Nonspecific binding was determined by parallel 

1 5 experiments in the presence of 300 ^M veratridine. 

EXAMPLE 26 

WhQlg-Cgll VQltqgg ClMiP 

The whole cell variant of the patch-clamp method (Hamill et ai. Pfliigers 

20 Arch. 391:85-100, 1981 ) was used to measure Na' currents in GHj cells. The external 
solution contained (in mmol) 150 choline CI. 0.2 CdCk 2 CaCU and 10 
hydroxeihylpiperazine ethane sulfonic acid (HEPES) adjusted to pH 7.4 with 
tetramethyl hydroxide. Micropipetles were fabricated and had a tip resistance of-1 
MQ when filled with an Na-*- solution containing (in nrmiol) 100 NaF, 30 NaCK 10 

25 EGTA (ethylene glycol-bis(P-aminoethyl ether)- N,N,N',N'"tetraacetic acid), and 10 
hydroxyethyl- piperazineethane sulfonic acid, adjusted to pH 7.2 with CsOH. 

The junction potential of electrodes was nulled before seal formation. After 
the rupture of the patch membrane, the cell was allowed to equilibrate with the pipette 
solution for at least 1 5 min at the holding potential of - 1 00 mV. Under these reversed 

30 Na* gradient conditions, outward Na* currents were activated at approximately -30 
mV. 
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Test compounds, at appropriate concentrations, were applied to cells with a 
now rate of about 0. 12 mL/min via a series of narrow-bored capillary tubes positioned 
within 200 \xTn of the cell. Typically, the more soluble salt form, rather than the free 
base, was used. Washout of drugs was performed via a tube containing the external 
5 solution without drug present. Voltage-clamp protocols were created with pClamp 
software (Axon Instruments, Inc., Foster City, CA). Leak and capacitance were 
subtracted by a leak and capacity compensator (Hille and Campbell 1 Gen. Physiol 
67:265-93, 1976). Additional compensation was achieved by the patch clamp device 
(EPC7, List-Electronic, Darmstadi/Eberstadt, Germany). All experiments were 
10 performed at room temperature. At the end of the experiments, the drift in the 
junction potential was generally <2 mV. 

EXAMPLE 27 

Rat Sciatic Nerve Sucrose-Gap Assay 
1 5 Sprague- Dawley rats (42-56 days old) obtained from Charles River 

Laboratories were used in these experiments. Animals were euthanized and the 

sciatic nerves were excised and maintained in Ringer solution. 

The Ringer solution contained: 124mM NaCl, 3mM KCK 1.3mM NaH.P04. 

2mM MgCK.H.O, 2mM MgCK-SH.O. 26mM NaHCOj.and lOmM Dextrose. The pH 
20 was adjusted to 7-7.5 using bubbled 95% O. -5% CO, This Ringer solution was used 

for storing ner\'es and for filling the two stimulating pools (500ul) and the recording 

'intracellular" pooL 

The compounds to be tested for local anesthetic activity were prepared as 

lOmM solutions in 1 5% PEG 400. The solutions were stored at 4**C to minimize loss 
25 of potency. The working solutions were prepared by diluting slock solution in Ringer 

solution just prior to their use in experiments. 

Segments of nerv es measuring 5mm were desheathed and mounted in a 

polycarbonate sucrose-gap chamber. In the chamber, the nerves were laid across a 

series of pools and within a cylindrical gap with the proximal end in the "test" pool. 
30 Petroleum jelly (Vaseline. Cheeseborough Pons) was used to create watertight seals 

around regions of the nerves passing between aqueous pools. 
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The proximal end of the nerve was stimulated by a pair of bipolar Ag/AgCI 
electrodes inserted into the stimulating pools. The "test" pool (500 ^il volume) 
contained the Ag/AgCI elecuode that recorded the exuacellular electrical potential. 
Flowing at 1.0 mL/min, a nonionic sucrose solution (320mM) prevented the action 
5 potential from propagating beyond the test pool. The intracellular potential, conducted 
passively through the sucrose gap to the distal end of the preparation, was recorded 
using Ag/AgCI {" intracellular") electrodes in a Ringers containing pool. Using a 
stimulator (A360 Stimulus Isolator, WPl), nerves were stimulated for 0.1 ms at two 
times the intensity required to induce die maximal compound action potential (CAP). 

1 0 The electrical signal from the nerve, the compound action potential (CAP) from large 
myelinated fibres, was amplified 10 times using an amplifier (IsoDam 8, WPI). The 
signal was displayed on an oscilloscope and also recorded on a computer using 
BioPak software. A nerve preparation was considered acceptable if the CAP 
measured not less than 1 0 mV, and the experiment was carried out after CAP 

1 5 stabilized (i.e. did not vary more than 1 -2m V over a 1 0-20min period). 

Nerves were stimulated at less than 1 Hz during the full experiment time to 
assess "tonic" block, and "phasic" block was measured by 50 Hz trains applied 400 
ms every 4secs. All data were recorded at room temperature. 

20 EXAMPLE 28 

Measurement of sciatic nerve block in the rat 

Sprague-Dawley male rats in groups of 3-6 were injected percuianeously with 

a 27 G needle close to ihe sciatic nerve (about one third of the distance between the 

greater trochanter and the ischial tuberosity and caudal to the greater trochanter) with 
25 0.2 mL of 1 0-90 mM solution of lest compounds, pH 3-4.5 (i.e.. compounds of 

Fomiula I. lidocaine and bupivacaine (Marcaine®)). Animals were observed at least 

three times on the day of the procedure, and each day thereafter. 

At 3. 15 and 30 minutes and every 30 minutes thereafter for up to 10 hours 

after injection, the animals were assessed for motor and sensory nerve block. Where 
30 the anesthesia lasted longer than 10 hours, daily assessments were made for up to 5 

days. Motor deficit was assessed by placing the animal on a flat surface and noting 
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whether the paw is spread out under the animal (normal position) or whether it is kept 
closed and not used for locomotion (deficit). For assessment of sensory block, the 
animal was held above the bench surface and the skin between the two lateral-most 
toes was pinched using a pair of "rat-tooth forcepts". A withdrawal response is 

5 normal, whereas no response indicates sensory block. 

In animals that showed full recovery of motor and sensory nerve function 
within 48 hours, a second compound is tested after a period of one week has elapsed. 
The tests are performed in the same way as described above, but on the contralateral 
limb. Results are analyzed for statistical significance using a one way analysis of 

10 variance. 

EXAMPLE 29 

Use of a compound of Formula I for surgical anesthesia and/or post-operative 
analgesia 

1 5 Compounds of Formula 1 are used in patients requiring both surgical 

anesthesia and post-operative analgesia (e.g., surgical repair of an inguinal hernia) or 
post-procedure pain relief only (e.g., post-operative pain relief of long duration: post- 
arthroscopy). 

A patient requiring surgical repair of an inguinal hernia is prepared for 
20 surgery. It is desired to provide local anesthesia prior lo incision, and for 1 8 to 36 
hours posi-operatively. Accordingly, prior to incision, a sterile injectable solution 
containing about 0. 1-2.5% of a compound of Fonmula I (with or without 5 ug/mL 
epinephrine, at the discretion of the surgeon) is infiltrated incrementally at the site of 
incision until the patient no longer senses cutaneous pain when pinched with a 
25 hemosiai. Additional drug is administered during the procedure if required. The total 
volume of solution required is in the range of about 10-30 mL. 

For post-operative analgesia in a patient requiring a major abdominal 
operaiion le.ui., a C-seciion). who will receive a general anesthetic during the 
operation, the wound area is infiltrated either pre-incisionally or at the end of the 
30 procedure with a compound of Formula 1. 
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For relief of joinl pain following an arthroscopic procedure, the patient's joint 
is infiltrated with a compound of Formula I. 



5 While the present invention has been described with reference to the specific 

embodiments thereof, it should be understood by those skilled in the art that various 
changes may be made and equivalents may be substituted without departing from the 
true spirit and scope of the invention. In addition, many modifications may be made 
to adapt a particular situation, material, composition of matter, process, process step 

10 or steps, to the objective spirit and scope of the present invention. All such 

modifications are intended to be within the scope of the claims appended hereto. 

All of the publications, patent applications and patents cited in this application 
are herein incorporated by reference in their entirety to the same extent as if each 
individual publication, patent application or patent was specifically and individually 

15 indicated to be incorporated by reference in its entirety. 
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WHAT IS CLAIMED IS: 

1 . A multibinding compound represented by Formula I: 

(L)p(X), I 
and pharmaceuiically acceptable salts thereof; 
5 wherein: 

each L is a ligand that may be the same or different at each occurrence; 
each X is a linker that may be the same or different at each occurrence; 
/7 is an integer of from 2 to 10; and 
^ is an integer of from 1 to 20; 
1 0 wherein each of said ligands comprises a ligand domain capable of bindmg 

a voltage-gated Na* channel of a ceil. 

2. The multibinding compound of claim 1 , wherein each of said ligands is 
capable of inhibiting the generation and/or conduction of action potentials by said 

15 cell. 

3. The multibinding compound of claim 2, wherein each of said ligands 
independently comprises a group of Formula (A): 

Ar-W- (A) 

20 wherein: 

Ar represents an aryL heierocyclyl or heteroaryl group: and - 
W is selected from a covalent bond, -[CR'R-]r. - [CR'R-LC(O)-- 
-C(0)0[CR'R-J, - . - 0C(0)[ CR'R^], -0-[CR'R-1 AO)-, -C(0)-NH- 
[CR'R-],-. and -NH-C(0)[CR'R-L . 
25 where r is an integer of 0 to 1 0, and R' and R- are independently H, alky I. 

substituted alky! or a group -NR'R'-, where R* and R*" are both alkyl. 

4. The multibinding compound of claim 3. wherein each divalent linker X is 
independently selected from a structure of: 

30 (a) Formula II: 

-N(R^)-Z-N(R')- (II) 
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wherein: 

Z is alkylene, substituted alkylene, (alkylene O^alkylene, where w is an 
integer of 1 to 10. or alkenylene; and 

and are independently hydrogen, alkyl, substituted alkyi, aralkyi, a 
5 ligand, an X-ligand group, or R^ and R' may independently form together with Z and 
the nitrogen atoms to which they are bound an N-containing heterocyclic ring 
optionally containing an additional I to 4 heteroatoms selected from O, S, S02t SO 
and NR", where R" is a ligand, hydrogen, alkyl and substituted alkyl; 

10 (b) Formula III: 

-Y^-Z'-Y*'- (III) 

wherein: 

Z' is a heterocycle, aryl, heteroaryL a crown compound having at least two 
unsubstituted ring nitrogens or a group -NR-, where R is alkyl; 
1 5 Y"* and Y'' are independently a covalent bond, alkylene, substituted alkylene, 

(alkylene-OX,-alkylene, where ;i' is an integer of 1 to 10, or -C(OHCH2)n-NR-. where 
R is hydrogen or alkyl, and n is an integer of 1 to 10; 

(c) Formula IV: 

20 .N-(R')(R>Z"-N*(R')'(R*)- (IV) 

wherein: 

Z" is alkylene or substituted alkylene: and 

R'\ R** . R' and R* are independently alkyl, substituted alkyl, aralkyl, or a 
ligand, and optionally one of R^ and R* is not present; and 

25 

(d) Formula V: 

-X'-Z'"-(Y'-Z'").-X'- (V) 

wherein: 

V is an integer of 0 to 20; 
30 X* ai each separate occurrence is independently alkylene, substituted alkylene, 

alkenylene. substituted alkenylene, alkynylene, substituted alkynylene, -S-, 
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-S{0)-. -S(0),-. -NR-, -N- R R -C(0)-, -C(0)0-. -C(0)NR-. -NRC(O)-. -C(S)-. 
-C(S)0-. -C(S)NR- or a covalent bond, where R and R' at each separate occurrence 
are independently as defined below for R' and R"; 

Z'" is at each separate occurrence independently selected from alkylene, 
5 substituted alkylene, (alkylene-0)«-alkylene, where w is an integer of 1 to 1 0, 
alkylalkoxy, cycloalkylene, substituted cycloalkylene. alkenylene. substituted 
alkenylene. alkynylene, substituted alkynylene, cycloalkenylene. substituted 
cycloalkenylene. arylene, substituted arylene, heteroarylene, substituted 
heteroarylene. heterocyclene, substituted heterocyclene, crown compounds, or a 

10 covalent bond; 

Y' at each separate occurrence is independently selected from -0-, NR'. S, 

-C(0)-(CH,)„-NR'-. -NR*-(CH,)„ C(0)-, -NR-C(0)-NR'-. -0-C(0)-0-. 

-NR'-C(=NR')-, •C(=NR')-NR'-, -NR'C(0)-0-. -N=C(X')-NR"-. -P(0)2(0R")-0-. - 

S(0)„-rR'R"-, -S(0)„-NR'-, S-S- and a covalent bond; where « is 0, 1, or 2; and 
J 5 R- and R" at each separate occurrence are selected from hydrogen, alkyl. 

substituted alkyl, cycloalkyi, substituted cycloalkyl, alkenyl, substituted alkenyl. 

cycloalkenyl. substituted cycloalkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl 

and heterocyclic. 

20 5. The multibinding compound of claim 4. wherein;? is an integer of from 2 to 4. 
and q is less than p. 

6. The multibinding compound of claim 5 having a structure selected from: 



25 (a) Formula la 



Ai-W-N N— W-Ar 

' 3 J,4 ^^^^ 

R^ R 



30 where Ar and W have the definitions provided above for formula A, and R^ R* and Z 
have the meanings given in Formula II above; 

-125- 



BNSOOCID: <WO 995l565AlJA> 

t 



wo 99/51565 



PCT/US99/07263 



(b) Formula lb 

Ar-W-Y'-Z'-V'-Ar (lb) 
where Ar and W have the definitions provided above for formula A, and Y\ Y** and T 
have the meanings given in Formula III above; and 

5 

(c) Formula Ic 

1 0 where Ar and W have the definitions provided above for formula A, and , R\ 
R* and Z" have the meanings given in Formula IV above. 



7. The muliibinding compound of claim 6, wherein each ligand group Ar-W- is 
independently selected from: 
1 5 2,6-dimethylphenyl-NH-C(0)-CH,-; 

2.6-dimethylphenyI-NH-C(0)-CH((CH,)3CH,)-; 
2.6-dimethylphenyl-NH-C{0)-; 
(S)-2.6-dimethylphenyl-NH-C(0)-CH(CH,CH3)-; 
(R)-2,6-dimethylphenyl-NH-C(0)-CH(CH,CHj)-; 
20 «-tolyi-NH-C(0)-CH(CH2CHj)-; 
w-tolyl-NH-C(0)-CH(CHj)-; 

()-tolyl-NH-C(0)-CH,-; 

4-[.C(0)-0-(CH,),-N(CH,CH3)>]-phenyl-; 

4-[-C(0)-NH.(CHj),-N(CH:CH,),)-phenyl-; 
25 4-[-C(0)-NH(CHj)J-phenyl-; 

4-[-C(0)-0-(CH,.K-N(CH,),]-phenyl-; 

4-[-C(0)-0-CHXH3]-2,6-dimethylphenyl-NH-C(0)-CH,-; 

4-[-C(0)-0-CH3]-2.6-dimeihylphenyl-NH-C(0)-CH(CH,CH5)-; 

4-[-C(0)-0-CH3)-2-methylpheny!-NH-C(0)-CH(CHjCHj)-; 
30 4-[C{0)-0-CH3]-2.6-dimethyiphenyl-NH-C(0)-CH(CH:CH3)-; 

4-aminophenyi-C(0)-; 
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4-buty laminopheny I -C(0)- : 
2,6-dimethylphenyl-0-C(0)-CHj-; 
phenyKCH,)j-: 
phenyl-C(0)-(CH,),-; 
5 4.[-NH-C(0)-CH,-N(CHiCH,)2)-3,5-<limethylphenyl-0-CH,-C(0)-; 

4-aminophenyl-C(0)-0-(CHi)j-; 
4-methoxyphenyl-NH-C(0)-CH,-; 
2-methylphenyl-NH-C(0)-CH,-; 
phenyl-NH.C(0)-CH,-; 

10 4.chlorophenyl-NH-C(0)-CH,-; 

2-methyl-4-melhoxyphenyl-NH-C(0)-CH,-; 

2-methyl-4-chlorophenyl-NH-C(OhCH,-; 

2-methylphenyl.NH-C(0)-CH(CH3)-; 

2-meihylphenyl-NH-C(0)-CH(CH:CHj)-; 
15 phenyl-(CH:)rC(0)-: 

4-niirophenyl-C(0)-0-(CH,):-; 

2-chloro-4-nitrophenyl-C(0)-0-(CH>):-; 

(S;-2.6-diinethylphenyl-NH-C(0)-CH(N(CH3),)-; 

(R)-2.6-dimethylphenyl-NH-C(0)-CH(N(CH3):)-: 
20 (S)-2.6-dimethylphenyl-NH-C(0)-CH(N(CH,CH3),)-; 

(R)-2.6-dimethylphenyl-NH-C(0)-CH(M(CH:CH3),)-; 

4-(0-((CH,)„-C(0)-0L R}-2.6-dimeihylphenyl-NH-C(0)-CHR'-. where n is 

an integer equal to 1 to 6. m is 0 or 1. R is CrQ alkyl. and R" is H or alkyl: 

2-ethyl-6-methylphenyl-NH-C(0)-CH(CH,CH3)-: 
25 2.4.6-trimethylphenyl-CH(CH:CH3)-C(0)-NH-: and 

2-eihyl-6-methylphenyl-NH-C(0)-CH.-. 

8. The multibinding compound of claim 6. having the structure of Formula la. 
wherein Z is alkylene. R^ and R' are alkyl. Ar at each occurrence is substituted with 
30 two or more groups selected from alkyl. alkoxy and substituted alkoxy. and W is - 
NH-C(0)-CR'R-. 
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9. The muliibinding compound of claim 8, wherein Z is -(CH2)4-, and R"* are 
methyl, Ar is selected from 2,6-dimethylphenyl or 4-{0-[(CH2)„-C(0)-0]„R}-2,6- 
dimethylphenyl-, where n is an integer equal to 1 to 6, m is 0 or I , R is C,-Q alkyi, 
and W is NH-C(0)-CHR*-, where R' is H or aikyl. 

5 

10. The muhibinding compound of claim 9, wherein Ar is 4-[0-CHi-C(0)- 
OCHjj- 2,6-dimethylphenyl-. 

1 1 . The muliibinding compound of claim 9, wherein Ar is 4-[0-(CH2)3CHJ-2,6- 
10 dimethylphenyl-. 

12. The muliibinding compound of claim 6, having the structure of Formula lb. 
wherein: 

Z is a heierocycle represented by the formula. 




where Q and Q' are independently alkylene or substituted alkylene chains; 
Y' and Y** are independently a covaieni bond, alkylene or -C(0HCH2)„-NR-, 
20 where R' is alkyi; and 

n is an integer of 1 to 10. 



13. The muliibinding compound of claim 12, wherein said heierocycle is 1, 4. 10, 
13-ietraoxa-7. 16-dia2acyclooctadecane, each of Y* and Y** is a covalent bond, Ar ai 
25 each occurrence is substituted with one or more groups selected from alkyi, alkoxy 
and substituted alkoxy. and W is -NH-C(0}-CR'R-. 



14. The muliibinding compound of claim 13. wherein; 

Ar is selected from 2,6-dimeihylphenyl-, o-tolyl, and 4-{O-((CH2)„-C(0)-OL 
30 R}-2,6-dirneihylphenyU, where n is an integer equal lo 1 to 6, m is 0 or 1, and R is Cj- 
Q alkyi; and 
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W at each occurrence is -NH-C(0)-CHr, -NH-C(0)-C*H{CH3)- or -NH- 
C(0)-C*H(CH.CH,)-. where the symbol ♦ denotes a chiral center. 

15. The multibinding compound of claim 1 4, wherein Ar is 2,6-dimethylphenyI 
5 and W is -NH-C(0)-C*H(CH,CH3). 

1 6. The (R),(R)-enantiomer of the multibinding compound of claim 1 5. 

17. The (S),(S)-enantiomer of the multibinding compound of claim 15. 

10 

1 8. The (S),(R)- stereoisomer of the multibinding compound of claim 15. 

19. The multibinding compound of claim 14. wherein one of said Ar-W groups is 
2.6-d.methylphenyl-NH-C(0)-CH:- and ilie other of said Ar-W groups is o-tolyl-NH- 

15 C(0)-C*H(CH3)-. 

20. The multibinding compound of claim 14. wherein one of said Ar groups is 
2.6-dimethylphenyl-. the other of said Ar is o-tolyl. and W is -NH-C(O)- 
C+mCH.CHj). 

20 

21. The multibinding compound of claim 6. having the structure of Formula lb. 
wherein: 

Z is a group -NR-. where R is alkyl; 
Y' is alkylene: and 
25 Y" is a covalent bond. 

22. The multibinding compound of claim 2 1 . wherein R is methyl or ethyl. Y* is 
C:- C\ alkylene. Ar is 2.6-dimethylphenyl. one of said W groups is -NH-C(0)-CH:- 
and the other of said W groups is -NH-C(0)-C*H(NR"R'')- where R" and R" are both 

30 alkyl. 
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23. The (S) isomer of the multibinding compound of claim 22, wherein R, and 
R'^ are methyl and is '<CH2h 

24. The (R) isomer of the multibinding compound of claim 22, wherein R, R^ and 
5 R** are methyl and Y» is -(CH2)3.. 

25. The (S) isomer of the multibinding compound of claim 22, wherein R, R* and 
R** are ethyl and is -(CH.),-, 

10 26. The (R) isomer of the multibinding compound of claim 19, wherein R, R^ and 
R^ are ethyl and Y' is -(CH,)3-. 

27. A compound of the formula, 

1 5 (Ar- W)'-Linker-{W-Ar)- 

wherein (Ar-W)', Linker, and (W-Ar)- are set forth as listed in Table 2. 

28. A pharmaceutical composition comprising a pharmaceuticaily acceptable 
20 excipiem and a therapeutically effective amount of one or more multibinding 

compounds represented by Formula I, 

(L^X), (I) 

25 and pharmaceuticaily acceptable salts thereof: 
wherein: 

each L is a ligand that may be the same or different at each occurrence; 
each X is a linker that may be the same or different at each occurrence: 
p is an integer of from 2 to 10: and 
30 q is an integer of from 1 to 20; 
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wherein each of said ligands comprises a ligand domain capable of binding to 
a voliage-gaied Na' channel of a cell in a mammal, thereby inhibiting the generation 
and conduction of action potentials by said cell and modulating the diseases and 
conditions resulting therefrom. 

5 

29. The pharmaceutical composition of claim 28, wherein said mullibinding 
compound or compounds is capable of producing local anesthesia upon binding to a 
voltage-gated Na'charmel of a nerve mediating the conduction of impulses in a 
mammal. 

10 

30. The pharmaceutical composition of claim 29, wherein each of said ligands 
independently comprises a group of Formula (A): 

Ar-W- (A) 

15 wherein: 

Ar represents an aryl. hetcrocyclyl or heteroaryl group; and W is selected from 
a covalent bond, -[CR'R-lr^ * [CR'R-],C(0)-, -C(0)0[CR'R-], - , - 0C(0)( CR»R-]. - 
-0-[CR'R-],C(0)-, -C(0)-NH-[CR'R-]r, and -NH-C(0)[CR'R-L , where r is an 
integer of 0 to 10. and R' and R- are independently H. alkyl, substituted alkyl or a 
20 group -NR'R*'-, where R' and R^ are both alkyl. 

3 1 . The pharmaceutical composition of claim 30. wherein each linker X is 
independently selected from a structure of: 

25 (a) Formula 11: 

-N(R-')-Z-N(R> (II) 

wherein: 

Z is alkylcnc. substituted alkylene. (alkylene 0)„-alkylene, where w is an 
integer of I to 10, or alkenylene: and 
30 R^ and R^ are independently hydrogen, alkyl, substituted alkyl, aralkyL a 

ligand, an X-ligand group, or R-^ and may independently form together with Z and 
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the nitrogen atoms to which they are bound an N-containing heterocyclic ring 
optionally containing an additional 1 to 4 heteroatoms selected from O, S, SO,, SO 
and NR*\ where R" is a ligand, hydrogen, alkyl and substituted alkyi: 

5 (b) Formula III: 

-Y'-Z*-Y**. (Ill) 

wherein: 

T is a heterocycle, aryl, heteroaryl, a crown compound having at least two 
unsubstituted ring nitrogens or a group -NR-. where R is alkyl; 
10 and Y** are independently a covalent bond, alkylene, substituted alkylene, 

(alkylene-OX,-alkylene, where w is an integer of 1 to 10, or -C(0)-(CHj)„-NR-, where 
R is hydrogen or alkyL and a? is an integer of 1 to 10; 

(c) Formula IV: 

-N-(R^)(R')-Z".N-(R^)(R»)- (IV) 

wherein: 

Z" is alkylene or substituted alkylene; and 

R^', R-* , R' and R" are independently alkyl, substituted alkyL aralkyl or a 
ligand, and optionally one of R' and R* is not present: and 

(d) Formula V: 

-X"-Z'"-(Y'-Z-),-X'- (V) 

wherein: 

V is an integer of 0 lo 20: 

X" at each separate occurrence is independently alkylene. substituted alkylene, 
alkenylene. substituted alkenylene. alkynylene, substituted alkynylene. -0-, -S-, 
-S(0)-. -S(0):-. -NR.. -N- R R -C(0).. -0(0)0-. -C(0)NR-, -NRC(O)-, -C(S)-. - 
C(S)0-. -C(S)NR- or a covalent bond, where R and R at each separate occurrence are 
independently as defined below for R* and R"; 

Z"' is at each separate occurrence independently selected from alkylene, 
substituted alkylene, (alky lene-0),, -alkylene, where w is an integer of 1 to 10, 
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alkylalkoxy, cycloalkylene. substituted cycloalkylene. alkenylene. substituted 
alkenylene. alkynylene, substituted alkynylene. cycloalkenylene. substituted 
cycloaikenylene, arylene, substituted arylene. heteroarylene. substituted 
heteroarylene, heterocyclene, substituted heterocyclene. crown compounds, or a 

5 covalent bond; 

Y' at each separate occurrence is independently selected from -0-, NR'. S, 
-C(OHCH,)„-NR--, -NRXCHj). C(0)-. -NR'-C(0).NR'-, -0-C(0)-0-. 
-NR'-C(=NR')-. -C(=NR')-NR'-. -NR'C(0)-0-. -N=C(X>NR'-. .P(0),(OR>0-, - 
S(0)„-CR'R"-, -S(0)„-NR'-. S-S- and a covalent bond; where n is 0, 1. or 2; and 

10 R. R' and R" at each separate occurrence are selected from hydrogen, aikyi, 

substituted alkyl, cycloalkyl. substituted cycloalkyl. alkenyl. substituted alkenyl, 
cycloalkenyl. substituted cycloalkenyl, alkynyl, substituted alkynyl, aryl. heteroaryl 
and heterocyclic. 

15 32. The pharmaceutical composition of claim 3 1 , wherein p is an integer of from 2 
to 4. and q is less than p. 

33. The pharmaceutical composition of claim 32, wherein said multibinding 
compound or compounds has a structure selected from: 
20 (a) Formula la 

1,= I' 

where Ar and W have the detlniiions provided above for formula A, and R^ R' and Z 
25 have the meanings given in Formula II above. 

(b) Formula lb 



Ar-W- Y*-Z'-Y''-W-Ar (lb) 



30 



1-n -> 
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where Ar and W have the defmiiions provided above for formula A, and Y", Y" and Z" 
have the meanings given in Formula 111 above; and 



(c) Formula Ic 



Ar-W-N-"^ N-W-Ar 

/ \ , / \ (Ic) 



where Ar and W have the definitions provided above for formula A. and R' , R^" , R'. 
10 R* and Z" have the meanings given in Formula IV above. 

34. The pharmaceutical composition of claim 33, wherein each ligand group Ar- 
W- is independently selected from: 

2.6-dimethylphenyl-NH-C(0)-CH,-; 
1 5 2,6-dimethylphenyl-NH-C(0)-CH((CH,)>CH3)-; 

2,6-dimethylphenyl-NH-C(0)-; 

(S)-2,6-dimethylphenyl-NH-C(0)-CH(CHXH3)-; 

(R)- 2,6-dimethylphenyl-NH-C{0)-CH(CH,CH3)-; 

o-tolyl-NH-C(0)-CH(CH,CH3)-; 
20 o-tolyl-NH-C(0)-CH(CH3)-; 

o-tolyl-NH-C(0)-CH:-; 

4-[-C(0)-0-(CH,),-N(CH,CH3),]-phenyl-; 

4-[-C(0)-NH-(CH,),-N(CHiCH,),]-phenyI-; 

4.(-C(0)-NH(CHj)]-phenyl-; 
25 4-[-C(0)-0-(CH,),-N(CH3),]-phenyl-; 

4-[.C(0)-0-CH,CH3]-2.6-dimethylphenyl-NH-C(0)-CH,-; 

4-[-C(0)-0-CH3]-2,6-dimethylphenyl-NH-C(0)-CH(CH,CH3).; 

4-[.C(0)-0-CH,]-2-methylphenyl-NH-C(0)-CH(CH,CH,)-; 
4-[C(0)-0-CHj)-2.6-dimethylphenyl-NH-C(0)-CH(CH,CH3)-; 
30 4-aminophenyl-C(0)-; 

4-butylaminophenyl-C(0)-; 
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2.6-dimethylphenyl-0-C(0)-CH,-; 

phenyl-{CH,)i-; 

phenyl-C(0)-(CH,):-; 

4-[-NH-C(0)-CH,-N{CH,CHj),]-3,5-dimethylphenyl-0-CHrC(0)-; 

5 4-aminophenyl-C(0)-0-(CH3),-; 

4-methoxyphenyl-NH-C(0)-CH,-; 
2-methylphenyl-NH-C(0)-CH,-; 

phenyl-NH-C(0)-CH,-; 
4-chloropheny l-NH-C(0)-CHv : 
1 0 2-methyl-4-methoxyphenyl-NH-C(0)-CH,-; 

2-methyl-4-chlorophenyl-NH-C(OKHr; 

2-methylphenyl-NH-C(0)-CH(CH,)-: 

2-methylphenyl-NH-C(0)-CH(CH,CH3)-: 

phenyI-(CH,):-C{0)-; 
1 5 4-nilrophenyl-C(0)-0-(CH,):-: 

2-chloro-4-nitrophenyl-C(0)-0-(CH3),-; 

(S>-2.6-dimeihylphenyl-NH-C(0)-CH(N(CH3),)-; 

(R)-2.6-dimethylphenyl-NH-C{0)-CH(N(CH3)2)-; 

(S)-2.6-dimethylpheny!-NH-C(0)-CH(N(CH:CH3)3)-; 
20 (R)-2.6-dimethylphenyl-NH-C(0)-CH(N(CH,CH,),)-; 

4-!0-I(CH,)„-C(0)-0]„R; -2.6-dimethylphenyl-NH-C(0)-CHR'-. where n is 

an integer equal to 1 to 6. m is 0 or 1 . R is Ci-C^ alkyl. and R' is H or alkyl; 

2-ethyl-6-methylphenyl-NH-C(0)-CH(CH,CH3)-: 

2.4.6-lrimethylphcnyl-CH{CH,CH;)-C(0)-NH-; and 
25 2-ethyl-6-meihylplienyi-NH-C(0)-CH,-. 

35. A pharmaceutical composition comprisini; a pharmaceutical ly acceptable 
excipient and a therapeutically effective amount of one or more multibinding 
compounds 
30 of the formula. 
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(Ar-W)'-Linker-(W-Ar)- 
wherein (Ar-W)', Linker, and (W-Ar)- are set forth as listed in Table 2. 
5 36. A method of preparing a muliibinding compound represented by formula I: 

(L)p(X), (I) 

wherein each Lisa ligand that may be the same or different at each occurrence; 
10 X is a linker that may be the same or different at each occurrence; 

p is an integer of from 2 to 10: and 
q is an integer of from I to 20; 

wherein each of said ligands comprises a ligand domain capable of binding to 
a voltrge gated Na' channel, said method comprising: 
1 5 (a) providing at least p equivalents of a ligand L or precursors thereof and at 

least q equivalents of linker or linkers X; and 

(b) covalenily anaching said ligands to said linkers to produce a multibinding 
compound; or 

(b*) covalenily attaching said ligand precursors to said linkers and completing 
20 the synthesis of said ligands thereupon, thereby to produce a multibinding compound. 

37. The method of claim 36. wherein p is an integer of from 2 to 4. and q is less 
than p. 

25 38. A compound having a formula selected from Formula la. lb or Ic. wherein at 
least one Ar group is substituted with -C(0)OR or - {0-(CH2VC(0)-0 Rl where n 
is an integer equal to 1 to 6. and R is hydrogen or a cation. 

39. The compound of claim 38 for usc* as an intermediate in the synthesis of 
30 compounds of Formula I. 
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40, A method for producing local anesthesia or analgesia in a mammal, which 
method comprises administering to a mammal in need of such treatment a 
therapeutically effective amount of a pharmaceutical composition comprising a 
pharmaceuiically acceptable excipient and one or more multibinding compounds 
5 represented by formula I, 



(L)p(X), (I) 



and pharmaceutical ly acceptable salts thereof. 
1 0 wherein 

each L is a ligand that may be the same or different at each occurrence; 

X is a linker that may be the same or different at each occurrence; 

p is an integer of from 2 to 10; and 

^ is an integer of from I to 20; 
1 5 wherein each of said ligands comprises a ligand domain capable of binding to a 
voltage-gated Na' channel of a cell mediating the conduction of nerve impulses in a 
mammal, thereby blocking the conduction of said impulses and producing local 
anesthesia or analgesia. 

20 41 . A method for producing local anesthesia or analgesia in a mammaL which 
method comprises administering to a mammal in need of such treatment a 
therapeutically effective amount of a pharmaceutical composition comprising a 
pharmaceuiically acceptable excipient and one or more multibinding compounds 
represented by formula L 

25 

(LUXL (1) 



and pharmaceuiically acceptable salts thereof, 
wherein 

30 each L is a ligand that may be the same or different at each occurrence; 

X is a linker that may be the same or different at each occurrence; 
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p is an integer of from 2 to 10; and 
q is an integer of from I to 20; 
wherein each of said ligands comprises a ligand domain capable of binding to a 
voltage-gated Na' channel of a cell mediating the conduction of nerve impulses in a 
5 mammal, thereby blocking the conduction of said impulses and producing local 
anesthesia. 

42. The method of claim 4 1 , wherein p is an integer of from 2 to 4 and ^ is less 
than p, 

10 

43. The method of claim 42, wherein said multibinding compound or compounds 
have a structure selected from: 

(a) Formula la 



,5 Ar-W-N-^ N-W-Ar ^j^^ 



Z. 



where Ar and W have the definitions provided above for formula A, and R', R'' and Z 
have the meanings given in Formula II above; 

20 

(b) Formula lb 

Ar-W-Y'-Z'-V-W-Ar (lb) 

where Ar and W have the definitions provided above for formula A. and Y*. Y" and Z' 
25 have the meanings given in Formula III above: and 



(c) Formula Ir 



30 



Ar-W-N N-W-Ar 

/ \ ' A' (Ic) 

r5 / R^ r8 R^ 
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where Ar and Whave the definitions provided above for formula A. and R^, - R^ 
R' and Z" have the meanings given in Formula IV above. 

44. The method of claim 43, wherein each ligand group Ar-W- is independently 

5 selected from: 

2.6-dimethylphenyl-NH-C(0)-CHr; 

2.6-dimethylphenyl-NH-C(0)-CH((CH,),CH3)-; 

2.6-dimethylphenyl-NH-C(0)-; 

(S)-2.6-dimethylphenyl-NH-C(0)-CH(CH,CH,)-; 
10 (R)- 2.6-dimethylphenyi-NH-C(0)-CH(CH,CHj)-; 

o-tolyl-NH-C(0)-CH(CH,CHj)-; 

o.tolyl-NH-C(0)-CH(CH3)-; 

o-tolyl-NH-C(0)-CH,-; 

4-[-C(0)-0-(CH,)3-N(CHXH3),]-phenyl-; 
15 4-[-C(0)-NH-(CH,):-N(CH,CH3),J-phenyl-; 

4-[-C(0)-NH{CH3)]-phenyl-; 

4-[-C(0)-0-(CH,),-N(CHj):]-phenyi-; 

4-[-C(0)-0-CH,CH3]-2.6-dimethylphenyl-NH-C(0)-CHj-; 

4-[-C(0)-0-CH3j-2.6-dimethylphenyl-NH-C(0)-CH(CH,CHj)-; 
20 4-[-C(0)-0-CH3]-2-meihylphenyl-NH-e(0)-CH(CH,CH3)-; 

4-(C(0)-0-CH3j-2.6-dimethylphenyl-NH-C(0)-CH(CH,CH3)-: 

4-aminophenyI-C(0)-; 

4-butylaminophenyl-C(0)-: 

2.6-dimethylphenyl-0-C(0)-CH;-: 
25 phenyl-(CH,),-. 

phenyl-C(0)-(CH>):.-: 

4-l-NH-C(0)-CH:-N(CH:CH3):l-3.5-dimethylphenyl-0-CH,-C(0)-; 
4-aminophenyl-C(0)-0-(CH:):-; 
4-methoxyphenyi-NH-C(0)-CH,-: 
30 2-methylphenyl-NH-C(0)-CH2-; 
phenyl-NH-C(0)-CH,-; 
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4-chlorophenyl-NH-C(0)-CH.-; 

2-melhyM-meihoxyphenyl-NH-C(0)-CH,-; 

2-mcthyl-4-chlorophenyl-NH-C(0)-CH,-: 

2-methylphenyl-NH-C(OKH(CH3)-; 
5 2-melhylphenyl-NH-C(OVCH(CH,CH3)-; 

phenyl-(CH,).-C(0)-; 

4-nitrophenyi-C(0)-0-(CH:)r; 

2-chloro-4-nitrophenyi-C(0)-0-(CH2)2-; 

(S>2.6-dimethyJphenyl-NH-C(0)-CH(N(CH3)3)-; 
10 (R)-2.6-dimethylphenyl-NH-C(0)-CH(N(CH5)2)-; 

(S)-2.6-dimethylphenyl-NH-C(0)-CH(N(CH3CH3)3>; 

(R)-2.6.dimethyIphenyl-NH.C(0)-CH(N(CH,CH3).)s 

4-{0-f(CH,)„-C(0)-0]^R}-2,6-dimethylphenyl-NH-C(0)-CHR'-, where n is 

an integer equal to 1 to 6, m is 0 o. 1 , R is C,-Q alkyl, and R* is H or alkyl: 
15 2-ethyl-6-methyiphenyl-NH-C(0)-CH(CH3CH3)-; 

2,4,6-irimethylphenyl-CH(CH,CH3)-C(0)-NH-; and 

2-ethyl.6-methylphenyl-NH-C(0)-CH3-. 

45. The method of claim 44. wherein said multibinding compound produces local 
20 anesthesia in a mammal lasting for about 6 to about 36 hours. 

46- The method of claim 45. wherein the systemic toxicity of said multibinding 
compound relative to conventional monovalent (i.e.. unlinked) anesthetics 
is greatly reduced by the presence of the substituteni -[0-(CH:)„-C(0)-OR]. where n 
25 is an integer equal to I to 6 and R is C,-C^ alkyl. in one or more ligand groups Ar-W-. 

47. A method for producing local anesthesia or analgesia in a mammal, which 
method comprises administering to a mammal in need of such treatment a 
therapeutically effective amount of a pharmaceutical composition comprising a 
30 pharmaceutically acceptable excipient and one or more multibinding compounds of 
the formula: 
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(Ar-W)'-Linkcr-(W-Ar)- 

wherein ( Ar-W)'. Linker, and (W-Ar)- are set forth as listed in Table 2. 
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